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PREFACE  TO  THE  FIRST  EDITION 


Lr  preparing  this  manual,  it  has  been   the  authors'  object  to 

facilitate  the  teaching  of  chemistry  by  the  experimental  and 
inductive  method,  Tbe  bo<»k  wiU  enable  the  careful  student  to 
acquaint  himself  with  the  main  facta  and  principles  of  chemistn", 
through  the  attentive  use  of  his  o^ti  perceptive  faculties,  by  a 
process  not  unlike  that  by  which  these  facts  and  principles  were 
first  established.  The  authors  believe  that  the  study  of  a  science 
of  obaervation  ought  to  develop  and  discipline  the  observing 
faculties,  and  that  such  a  study  fails  of  its  true  end  if  it  become 
a  mere  exercise  of  the  memory. 

The  minute  instructions,  given  In  the  descriptions  of  expcri- 
monts  and  printed  in  the  smaller  type,  are  intended  to  enable  tbe 
student  to  see,  smelly  and  touch  for  himself;  these  detailed 
deseriptions  are  meant  for  laboratory  use.  In  order  to  mark  as 
clearly  as  possible  the  distinction  between  chemistry  and  chemical 
^  manipulation,  the  necessary  instructions  on  the  latter  subject 
have  been  put  in  an  Appendix.  In  cases  in  which  it  is  impossible 
for  every  student  to  experiment  for  himself,  the  authors  hope  that 
this  manual  will  make  it  easy  for  the  teacher,  even  if  he  be  not  a 
professional  chemist,  to  exhibit  to  his  class,  in  a  familiar  andj 
inexpensive  manner,  experiments  enough  to  supply  ocular  demon- 
stration of  the  leadifig  facts  and  generalizationa  of  the  science. 
Judging  from  their  own  experience,  the'  authors  venture  to  bopaJ 
that  even  professional  chemists  may  find  it  convenient  to  have 
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always  at  hand  the   details  of  several  hundred  experiments, 
covering  the  ground  of  an  extensive  course  of  chemical  lectures. 

The  student  of  this  manual  is  supposed  to  be  already  acquainted 
with  the  rudiments  of  physics.  The  chemist  must  often  depend 
upon  "physical  properties  for  his  means  of  characterizing  the 
numerous  substances  with  which  he  deals,  and  he  is  nearly  con- 
cerned with  the  physical  properties  of  gases  and  vapors;  but 
chemistry  has  now  so  wide  a  scope  and  so  great  an  importance  as 
to  deserve  to  be  studied  by  itself,  and  not  merely  as  an  appendix 
to  the  subject  of  molecular  physics. 

like  all  elementary  text-books,  this  manual  is  a  mere  compila- 
tion ;  it  embodies  in  a  somewhat  new  form  previously  existing 
statements  of  well-recognized  facts  and  principles  which  have 
become  the  common  stock  of  the  science.  There  is  little  original 
in  the  book,  except  its  arrangement  and  method,  in  part,  and  its 
general  tone.  The  authors  have,  of  course,  drawn  largely  from 
the  invaluable  compilations  made  by  Gmelin,  Otto,  and  Watts, 
and  they  have  also  availed  themselves  freely  of  the  text-books  of 
Stoeckhardt  and  Miller  and  the  writings  of  Hofraann. 

The  book  is  not  written  in  the  interest  of  any  particular  theory 
or  system  of  notation,  but  is  intended  to  exhibit,  so  far  as  is  pos- 
sible within  the  limits  proper  to  an  elementary  manual,  the  present 
state  of  the  science. 

The  authors  will  feel  very  grateful  to  any  one  who  will  com- 
municate to  them  errors,  detected  in  using  the  book,  or  suggestions 
for  its  improvement. 
Tov,  June  it 67* 


PREFACE  TO  THE  SECOND  EDITION. 


The  authors  have  thoronghly  revised  this  second  edition  of 
their  manual.  Practical  experience  in  using  the  book  with  two 
classes  in  the  laboratory,  the  questions  of  students,  and  the 
suggestions  of  friends  have  enabled  them  to  improve  some  of  the 
detailed  directions  for  experiments,  and  to  make  a  few  other 
changes  and  additions  calculated  to  smooth  difficulties  or  supply 
defects.  Special  pains  have  been  taken  to  make  the  printing  of 
this  edition  as  accurate  as  possible. 

BotfroN,  December  1867. 
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EMENDATIONS  TO  BE  MADE  IN  THE  TEXT. 

Page  2,  line  25.  Strike  out  tbe  words  **  both  copper  and  sulpbur 
bave  disappeared,"  and  insert  tbe  words,  "  it  suddenly  glows  vividly, 
at  the  instant  when  tbe  copper  and  sulpbur  combine." 

Page  16,  line  1 1 .  Insert  afler  tbe  word  *'  air,"  tbe  words  "  See  Ap-' 
pendix.  Fig.  XVII." 

Page  61,  line  3  from  foot.    Add  tbe  words  "  See  Appendix,  §  17.** 

Page  173,  Exp.  94.  Instead  of  tbe  first  sentence  (three  and  a  half 
lines)  substitute  tbe  following:  "Mix  75  or  100  grms.  of  flowers  of 
sulpbur  and  an  equal  weight  of  slaked  lime.  Heat  half  a  litre  of 
water  in  a  capacious  flask  until  it  boils  vigorously.  Pour  tbe  mixture 
of  lime  and  sulphur  into  the  water,  little  by  little,  slowly  enough  not 
check  the  boiling.  The  movement  of  ebullition  prevents  tbe  solid 
matter  from  becoming  impacted  upon  the  flask." 

Page  255,  line  23.  Strike  out  the  words  "  consists  of"  and  insert 
<*  may  be  made  by  folding  a  circular  piece  of  parchment  paper  into  the 
form  of  a  cone,  like  the  filter  represented  in  Fig.  XX.  of  the  Appendix, 
and  cementing  the  upper  edges  of  tbe  paper  with  a  drop  of  a  thick 
solution  of  shellac  in  alcohol.  When  nearly  filled  with  tbe  liquid  to  be 
dialyzed  and  placed  in  a  tumbler  of  water,  the  cone  floats  upright 
and  presents  a  large  surface  for  the  difi'usion  of  the  liquids.  A  more 
elaborate  form  of  dialyzer  may  be  made  with  " 

Page  267,  line  6  from  foot  Between  the  words  '*  the  "  and  "  glob- 
ule," insert  tbe  words  "  space  about." 

Page  267,  line  12  from  foot.  Strike  out  tbe  words  "  Chapter  XX," 
and  insert  "  §  431  and  Exp.  220." 

Page  299,  line  1.    After  the  word  "lamp,"  insert  "  see  Exp.  193." 

Page  315,  line  1 7.     For  *^  potassium,"  read  "  sodium." 

Page  397,  line  4.     Insert  after  "  sodium,"  the  words  "  in  bleaching." 

Page  498,  lines  12  and  13  from  foot  Instead  of '' SbO^  "  and 
SbSj  "  read  "  SbjOj  "  and  "  SbgSj." 

Page  518,  line  20.  Strike  out  the  words  "  is  still,"  and  insert  "  was 
until  lately." 

Page  518,  line  21.     Strike  out  tbe  words  "  in  Europe." 

Page  618,  line  22.     Strike  out  tbe  word  "  there." 
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Page  618,  line  25.  Insert  after  "  daj,"  tbe  words  "  or  by  passing 
ammonia  gas  into  a  mixture  of  dilute  sulphuric  acid  and  roasted 
fhale." 

Page  554,  line  17  from  foot  After  "  iron,"  insert  the  words  "  con- 
taining a  small  percentage  of  sulphur." 

Page  554,  line  16  from  foot.  Insert  after  "  formulated,"  the  word 
"  approximately." 

Page  590,  line  16.  Instead  of  («AuO"  and  ^^AuO,,"  read 
•*AujO"and"AugO,." 

Appendix,  page  xiii.,  line  10.  After  the  word  "  motion,"  insert 
**  (6)  The  tube  should  always  be  thrust  completely  through  the  cork, 
80  that  it  may  project  a  centimetre  beyond  the  lower  end  of  the  cork." 
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mOKGANIC   CHEMISTET. 


INTRODUCTION. 


1.  The  yarioriB  objects  which  constitute  external  Nature  pre- 
sent to  the  observing  eye  an  infinite  variety  of  quality  and  cir- 
cumstance. Some  bodies  are  hard,  others  soft ;  some  are  brittle, 
others  tough  or  elastic ;  some  natural  objects  are  endowed  with 
life, — they  grow ;  others  are  lifeless, — they  may  be  moved,  but 
never  move  themselves ;  some  bodies  are  in  a  state  of  incessant 
change,  while  others  are  so  immovable  and  unchangeable  that 
they  seem  everlasting.  In  the  midst  of  this  infinite  diversity  of 
external  objects,  where  lies  the  domain  of  Chemistry  ?  What  is 
the  subject-matter  of  this  science  ? 

When  air  moves  in  wind,  when  water  moves  in  tides,  or  in  the 
fall  of  rain  or  snow,  the  air  and  water  remain  air  and  water  still ; 
their  constitution  is  not  changed  by  the  motion,  however  frequent 
or  however  great.  A  bit  of  granite,  thrown  off  from  the  ledge 
by  frost,  is  still  a  bit  of  granite,  and  no  new  or  altered  thing.  If 
a  solid  piece  of  iron  be  reduced  to  filings,  each  finest  morsel  is 
metallic  iron  still,  of  the  same  substance  as  the  original  piece,  as 
will  appear  to  the  eye  if  a  morsel  be  sufficientiy  magnified  under 
the  microscope.  The  melted,  fluid  lead  in  the  hot  crucible,  and 
the  solid  lead  of  the  cold  bullet  cast  from  it,  are  the  same  in 
substance,  only  differing  in  respect  to  temperature.    In  all  these- 
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cases  the  changes  are  external  and  non-essential,  not  intimate 
and  constitulionoJ  ;  they  are  callnd  phymcal  changes. 

2.  When  iron  is  exposed  to  the  weatlier,  it  becomes  covered 
mth  a  brown isk,  earthy  coating  which  bears  no  outward  resem- 
blance to  the  orijpnal  iron ;  and,  if  exposed  long  enonj^h^  the 
metal  completely  disappears,  being  wholly  changed  into  this  very 
dift'erent  substance*  rusi^  A  piece  of  coal  burns  in  the  grate, 
and  soon  it  vanishes,  leaving  nothing  behind  but  a  little  ashes. 
Dead  vegetable  or  animal  matters,  buried  in  the  ground,  soon 
putrefy,  dcciy,  and  disappear.  So,  too,  the  fragment  of  granite 
which  frost  has  broken  from  the  ledge,  exposed  for  centuries  to 
the  action  of  air  and  rain,  becomes  changed ;  it  **  weathers,*'  and 
after  a  time  coidd  no  longer  be  recognized  as  granite.  AH  these 
changes  involve  alterations  in  the  intimate  constitntion  of  the 
bodies  which  imdcrgo  them ;  they  are  called  cliemical  changes. 

Experiment  L — Mix  thorouffhly  3  graTiimea  (for  Taljlea  of  the 
Metrical  System  of  W«j;;ht8  and  Meafiurea,  ace  Appendix  J  of  coar^ly 
powdered  sulphur  with  8  grammes  of  copper  filiDgs,  or  tintj  turnings. 


Fig.  1. 


Put  the  mixture  inte  a  tube  of  hard  glass,  No,  3, 
about  12  centimetres  long,  and  closed  at  one 
end,  (Por  the  manipulation  of  tubing,  see 
Appendix,  §51-4.)  Hold  the  tube  by  the 
open  end,  with  the  wooden  nippers,  aa  in 
iMg.  1,  and  heat  the  mixture  over  the  gas-lnmp 
(Appiindix,  §  6),  until  both  copper  and  sulphur 
have  di»nppettnjd. 

13efore  heat  waa  applied,  the  mixture  of  the 
two  eubatancea  was  aimply  mcchauicAl,  and  the 
eopper  might  have  been  completely  separated 
firom  the  aulphur,  by  due  care  and  patience; 
but  during  the  ignition  the  copper  and  snlphur 
have  united  chemically,  and  th<*re  has  been 
formed  a  substance  which^  while  containing  both,  haa  no  exter 
feaemblance  te  either.  In  the  new  body,  the  eye  can  detect  neither 
eopper  nor  sulphur. 

If  10  graiumea  of  metallic  iron  be  allowed  to  rust  away  completely 
in  moi«t  air,  the  pile  of  rust  which  remaiuB  when  the  metal  htm  dij^iip- 
peared,  wiU  weigh  much  more  than  10  granmnw  The  iron  has  com- 
bined with  two  of  the  conatttuenta  of  the  atmosphere,  the  gas  called 
oxygen  and  the  vapor  of  water.    The  weight  of  the  nut  ia  the  sum 
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of  the  weights  of  tbe  metoUxe  mn,  and  of  tli«  wiit^r  and  oxyfcem  witli 
wAich  the  iron  bas  combined. 

Processes  by  which  the  whole  character  and  ap]>earaace  of  the 
bodied  concerned  are  changed,  as  in  these  experiments,  bo  that 
atiallj  new  bodies  are  formed  from   the  old,   are  chemical 

oeesses.  It  is  the  function  of  the  chembt,  on  the  one  handi  to 
investigate  the  action  of  each  substance  upon  every  other,  to  take 
note  of  the  phenomena  which  attend  this  action,  and  to  study  the 
properties  of  the  combinations  which  result  from  it ;  and  on  tlie 
other,  to  contrive  the  resolution  of  compound  bodies  into  their 
simpler  constltuenta*  He  further  seeks  the  general  luws  by 
which  the  intimate  combinations  of  matter  are  eontroUed*  With 
tlieflc  ends  in  view,  the  chemist  endeavors  to  pull  to  pieces,  or  in 
technloal  lan^age,  to  analt/zf^  everj'  natural  substance  on  whieh 
be  lays  hands*  Having  thus  found  out  the  composition  of  the 
C«ibstance,  he  seeks  to  put  it  together  again,  or  to  recompose  it 
out  of  its  constituent  parts.  By  one  or  both  of  thef»e  two  pro- 
cesses, analysiii  (unloosing)  and  synthesis  (putting  together),  the 
chemist  studies  all  substances* 

3.  There  are  tw^o  questions  which  the  chemist  asks  himself 
concxjraing  every  natural  substance.  First,  Of  what  is  it  com^ 
poscd'i  With  the  means  at  his  disposal  the  chemist  nmy,  or  may 
not,  be  able  to  resolve  the  substance  into  simpler  constituents. 
If  he  succeeds  in  decomposing  it,  he  obtains  the  answer  to  this 
firftt  question ;  if  the  body  cannot  be  decomposed  by  any  known 

ethod  of  analysis,  the  substance  must  be  regarded  as  being 

eady  at  its  simplest.  Such  simple  bodies  are  called  ehments. 
Secondly,  the  chemist  asks,  How  does  this  new  subntat%ce  com^ 
ptni  iUttf  wh^n  brought  into  ccntad  with  other  substances  already 
familiar  t  There  arc  sixty-five  substances  which  are,  at  present^ 
admitted  to  be  simple,  primary  substances,  or  elements.  Of  com- 
pound bodies,  formed  by  the  union  of  these  elements  with  each 
other,  we  find  a  aeries,  numbering  many  thousands,  in  the  inor- 
jganic  kingdom  of  Nature,  comprising  all  the  diversified  mineral 
piistitucQts  of  the  e^irth's  crust ;  while  another  series,  far  more 
ilex  in  composition,  and  almost  innumerable  in  multitude, 
in  the  vegetable  and  animal  world.  The  task  of  the 
eiiesnkt  in   thoroughly  anjbwering  his   second  question  would 

ii2 


4  FACT  AKB  THEORY* 

clearly  be  endless,  were  it  not  for  the  existence  of  general  pro- 
perticii  common  to  extensive  groups  of  both  elemcntruy  and 
compound  bodies,  and  of  general  laws  which  chcmiuai  processes 
invanably  obey. 

While,  therefore,  the  chemist  seeks  the  answers  to  the  two 
fundamental  questions  above  stated,  he  is  at  the  same  time 
inquiring  what  relations  exist  between  the  properties  of  a  body 
and  its  composition,  and  he  is  also  studying  that  natural  and 
invariable  sequence  of  chemical  phenomena,  which,  Avhen  fully 
known,  will  constitute  the  perfect  science  of  chemistry. 

4.  CieneralijjatioJis  from  observed  facts,  so  long  as  they  are 
uncertain  and  incomplete,  are  called  hypotheses  and  theories ; 
when  tolerably  complete  and  reasonably  certain,  they  are  eallod 
laws.  The  attention  of  the  student  should  be  constantly  directed 
to  the  keen  discrimination  between  facts  and  the  8peruhttions 
founded  upon  those  lact^— between  the  actual  evidcn(*e  of  our 
trained  senses,  brought  intelligently  to  bear  xipon  chemieal  phe- 
noniena,  and  the  reasonings  and  abstract  conclusions  based  upon 
this  evidence — betweon,  in  short,  that  wMch  we  may  know,  and 
that  which  we  may  believe. 
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5.  Wk  are  everywhere  surrounded  by  an  atmosphere  of  invisible 
gas,  called  air.  All  objects  upon  the  earth's  surt^e  are  bathed 
with  it.  In  motion,  it  is  wind,  and  wo  recognize  it«  existence 
by  its  lowerful  effects;  but  in  the  stillest  places  it  exists  aa 
well. 

The  presence  of  air  in  any  ordinary  bottle,  fla^k,  or  othei 
hollow  vessel  which  is  empty,  in  the  sense  in  which  this  word  is 
onlinarily  applied,  can  be  shown  very  simply  by  iittempiing  to 
put  aome  other  substance  into  the  vessel,  under  such  conditions 
tliAt  the  air  cannot  pass  out  from  it*     Or  the  air  can  actually  be 
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pumped  ont  of  the  bottle ;  and  it  can  be  removed  by  other  means, 
l>uUi  meehauifol  and  chemical. 

Krp.  2. — Wrap  around  tlie  throat  of  a  funnel,  with  narrow  outlet, 
a  fttTJp  of  moistPDed  clotli  or  pnpor,  m  that  the  funnel  f»hall 
fit  tightly  into  the  neck  of  a  bottle?.  After  the  funnel  haa 
been  fitted  to  the  bottle,  as  is  shown  in  Fig.  2,  iill  it  with 
water^  and  observe  that  this  water  does  not  run  into  the 
bottle.  The  bottle  which  we  have  ckIIwI  empty  ia  in  reality 
tilM  with  air»  and  it  b  tbw  air  which  prevents  the  water 
from  entering  the  bottle.  If,  now,  the  funnel  be  lifted  slijrlitly, 
fio  UtJit  the  mouth  of  the  bottle  shall  no  longer  be  completely 

eed  hy  it,  tht*  air  within  the  bottle  ^all  pasa  outj  and  the 

ater  in  the  funnel  will  instantly  flow  down. 

0.  In  order  to  pump  the  air  out  of  any  hollow  vessel,  an  appa- 
ratus known  as  the  air-pump  is  commonlj  employed.  Descrip- 
tions of  this  machine  may  he  found  in  the  text -books  on  physics. 
For  purposes  of  illustration,  a  portion  of  the  air  can  alwaya 
be  removed  by  suction,  or  by  mechanically  displacing  the  air  by 
!  other  substance,  as  when  the  ^nger  thru&ta  the  air  out  of  a 
f'thimbkv 

Evp,  S. — Fit  to  any  tmall  f\mk  or  phial  a  perforated  cork  (for  the 
nantpnlatlon  of  corks,  see  Appendix^  J  8),  to  which  has  been  adapted 
i  short  piece  of  glasa  tubing*,  No.  7.  Tie  upon  this  glass  tube  a  ^hort 
pirr*»  rkf  caoutchouc  tubing.  Suck  part  of  the  air  out  of  the  flask,  and 
th^fi  flip  the  cii/3utchouc  tube  with  thumb  and  finger,  so  that  no  air 
T.  Immerse  the  neck  of  the  flask  in  a  basin  of  water,  ixnd 
r  i^otitchouc  tube.     Water  will  instantly  ris*?  into  the  flask 

Id  lake  the  place  of  the  air  which  has  been  sucked  out 

7,  Th<>  water,  in  this  experiment,  is  forced  into  the  flask  by 
the  pressure  of  the  superinciirabent  atmosphere.  Air  haa  weight. 
'  et  to  the  law  of  gravitation,  and  is  attracted  towards 

!  H  centre  in  the  same  way  as  other  ponderable  matter. 

It  ha*  been  found  by  experiment  that  a  litre  of  dry  air,  at  the 
emperature  of  0*^,  and  under  a  pressure  of  760  milliraetres, 

jighs  1*2932  gramme.  It  has  also  been  determined  by  the 
phyHiciBtai  that  the  force  with  which  the  air  in  attracted  to  the 
earth  is  on  an  average  equal  to  a  weight  of  1'033  kilogramme 
to  the  square  centimetre  of  surface.  That  is  to  say,  the  ocean 
ve  u<j  presses  down  upon  every  square  centimetre  of 
i  ^  surface  with  a  force  etpial  to  that  which  would'  bo 
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exorted  by  a  bar  of  metal,  or  other  substance^  a  oentiroetre  square 
in  section,  and  long  euougb  to  weigh  1*033  kilogrurome* 

If  such  a  bar  were  conatmcted  of  iron,  it  would  be  1*3  metre 
long ;  if  of  water  (and  a  bar  of  this  substance  cau  readily  be 
made  by  enclosing  the  water  in  a  tube),  it  would  be  10*3.'i  metres 
long ;  if  of  mercury,  76  centimetres  long*  A  clear  conception  of 
the  atmosphenc  pressure  is  important  to  the  chemist,  because  of 
ita  healing  upon  the  mechanical  collection,  manipulation,  and 
meastirement  of  guBes. 

8*  In  addition  to  the  qualities  already  mentioned,  we  find  air 
ta  be  tasteless,  ajid  odorless,  colorless  when  in  small  depths,  but 
exhibiting  a  blue  tint  when  seeo  in  large  masses,  as  when  in  the 
ftbsence  of  clouds  we  look  at  the  sky,  or  at  a  distant  mountain. 
Several  of  its  properties  are  not  peculiar,  but  are  common  to  all 
gases.  Dry  air  obeys  precisely  the  law  of  Mariotto  up  to  a  pres- 
sure of  several  atmospheres  ;  that  is  to  say,  its  volume  diminisbeSj 
or  increases  in  proportion  to  the  pressure  to  which  it  is  sub 
jected ;  but  it  has  never  yet  been  condensed  to  a  liquid.  Upon  ' 
being  heated  one  degree  centigrade,  it  expands  ^^,  or  in  other 
terms  0003065,  its  volume  at  0°.  At  the  temperature  of  O'^,  air 
IB  773  times  lighter  than  water  at  4° ;  that  is,  than  water  at  ita j 
maximum  density, 

Tliese  phy^^ical  properties  of  air  have  been  enumerated  in  orde 
to  a  distinct  acquaints  nee  with  this  gas,  and  that  we  may  morel 
clearly  comprehend  its  chemical  properties  as  we  now  proceed  to 
study  them. 

9.  Of  what  i»  ait  eomjo^sed*^  When  a  bar  of  iron  is  heated 
in  the  air.  as  at  a  blacksmith's  forgo,  it  becomes  covered  with  a 
coating,  which  flies  oif  in  scales  when  the  ii'on  is  beaten  upon  the 
anvil.  If  a  bit  of  tin  he  melted  in  a  shallow  crucible,  its  surface 
soon  becomes  covered  with  a  white  earth,  or  ashes.  At  a  high 
temperature  both  iron  and  tin  slowly  hum  in  the  air,  and  are 
convei-ted  into  earth  or  ashes.  With  ttie  exception  of  gold,  silver, 
platinum,  and  a  few  other  exceedingly  rare  metals,  all  the  metals 
bum,  or  rtist,  when  heated  in  tlie  air.  If  no  air  be  present,  this 
rust  or  ashes  will  not  be  formed,  however  long  or  intensely  the 
metal  may  be  heated.  But  in  what  manner  is  the  rust  formed? 
la  something  drivtan  out  of  tho  metal  into  the  air,  or  does  some- 
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€tdng  come  otiI  of  the  air  and  unite  with  the  metal  ?     Expen- 
ment  shall  answer. 

Mrp,  4.— Place  20  grammes  of  tin -foil  in  a  poroelain  dish,  4  or 

6  cm.  in  diameter.     Counterbalance  the  diah,  with  its  coDtenta^  upon 

cales  which  will  turn  promptly  with  0*5  grm.  when  thus  loaded. 

leal  the  dish,  placed  upon  the  wir<*  ^uze  of  the  iron-stand  (see  Ap- 

K,  {  9),  over  the  gas-lamp  moderately  and  continuou;^ly  for  two 

hree  hours,  or  until  a  larg-e  part  of  the  metal  has  been  converted 

into  ashes.     To  facilitate  the  change,  move  the  dish  frequently,  so 

thai  ft  new  surface  of  metal  shall  be  often  exposed  to  the  air.     Replace 

the  didh,  when  peiTectly  cool,  upon  the  pan  of  the  balance,  and  observe 

Llhat  the  weight  of  the  dish  and  its  contents  has  verj  decidedly  in- 

ased, 

A  more  rapid  demonstration  may  be  obtained  by  substituting  for 
the  iin*foil  a  piece  of  nuignesiiun  wire  or  ribbon.     This  metal  takes 
!  when  touched  with  a  lighted  match. 

10,  It  is  possible  that  daring  the  heating  the  metal  may  have 
lost  something,  but  it  is  certain  that  it  has  giiined  more.  This 
additional  matter  has  not  come  from  any  alteration  in  the  di^h, 
for  it  is  made  of  materiab  expressly  adapted  to  resist  such  treat- 
ment, and  a  little  cleaning  will  restore  it  to  exactly  its  original 
undition.  We  have,  then,  taken  something  out  of  the  air» 
rhich,  gasoous  in  the  air,  has  become  solid  in  the  whito  ashes  of 
the  tin. 

If  this  something  witli  which  the  tin  has  united  can  be  sepa- 

mted  again  from  the  metal,  and  restored  to  the  gaseous  condition, 

it  will  be  easy  to  compare  it  with  common  air,  and  so  learn 

whether  the  matter  which  combined  with  the  heated  tin  is  air 

itaelf,  or  only  a  part  of  the  air.     It  is  quite  possible  to  recover 

be  gas  which  enters  into  the  composition  of  the  rust  of  iron,  or 

Dpper^  or  tin ;  but  the  processes  required  ane  too  circuitous  for 

the  present  purpose.     From  the  rust  of  other  common  metals, 

as  lead,  manganese,  or  mercury,  the  absorbed  gas  can  b^ 

easily  expelled.     The  rost  of  mercury  is  the  most  easily 

comjKised.     Mercury-rust  may  be  prepared  by  the  long  heating 

the  metal  in  the  air,  in  a  manner  strictly  analogous  to  the 

i  already  appUed  to  the  preparation  of  tin- rust. 

JSrp.  6, — Put   into  a   tube    of  hard  glujss,  No,  3,  alx»ut  12  cm. 

Erg;  afid  doaed  at  one  end  as  in  Exp.  1^  10  gzanimes  of  the  rust  of 
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mercury,   a  flubstance  which  is  sold  under  the  name  of  fed  oxide 

of  mercury.     Such  tubes  of  hard  glaas  will  he  hereafter  desig^nated 

oa  "  iguiti  oil -tubes/*     Attach  to  tiiis  ignifciou-tube,  by  uwana  of  aptsr- 

forated  cork,  or  caoutchouc  stopper,  a 

deliver}*- tube  of  glaa^,  No.  8,  of  such 

shape  aod  leog-ih  that  it  &hall  I'each 

beneath  the  invejfted  saucer  in  the 

pan  of  water,  as  represented  in  Fig,  3. 

The  point  of  departure,  for  the  coa- 

itruction  of  the  appiuratus,  is  the  top 

of  the  gas-lamp  placed  vipon  the  foot 

of  the  iron-gtand  ;  the  f>nd  of  ihe  ig- 

nition-tubo  should  he  about  4  era. 

above   the  lop   of  the   lamp.      The 

othwr  details  of  the  apparatus  may  be 

learned  from  the  figure. 

Upon  lijarhting-  the  lamp,  the  air  within  the  ignition-tnbe  will  ex- 
pand, and  a  portion  of  it  will  pass  out  throu^di  the  delivery-tube.  This 
air  should  be  colfechd  in  a  stmdl  bottle  by  itself,  tmd  thrown  away. 
The  vohime  of  air  tliua  thrown  away  should  of  course  not  be  much 
greater  than  that  of  the  tubes,  <^For  a  descnption  of  the  pneumatic 
trough,  see  Appendix,  5  10.) 

As  the  ijjrnit  ion -tube  becomes  bot|  gaa  YnU  be  freely  given  off  from 
the  r*^d  oxide  of  nif^rcury  contained  in  it.  It  15  net'i\»^Hary  to  avoid 
henting  intensely  a  single  small  spot  of  the  igMition-tulR>,  lest  the  glass 
soften,  and,  yielding  to  the  prr's*iure  fmm  within,  blow  outward,  and 
eo  spoil  the  tube  and  arre-^t  the  experinifnt.  The  giis-Hame  should  be 
60  placed  and  re;julated  as  to  btat  3  or  4  cm.  of  the  tube  At  once. 
Collect  the  cseaping  gaa  in  bottles  of  llK)  to  150  e.  c.  eapncity. 

As  soon  as  the  disengagenient  ofgius  tikckens,  lift  the  iron-stand  up, 
and  take  the  delivery-tube  out  of  the  water,  taking  cart-  that  no  water 
nhftll  remain  in  the  end  of  the  tube.  Then,  uttti  not  tUl  thm^  extingiush 
the  lamp.  (See  Appendix,  §  10*)  In  the  upper  part  of  the  ignition* 
tub«,  and  »t>inetimes  in  the  delivery-tube  aboj  nipttdlie  mercury  will  be 
found  condensed  in  minute  globules.  The  iif^uid  metal  is  volatile  at 
the  temperature  to  which  it  has  been  subjected,  and  hiwi  distilled  away 
from  the  hot  part  of  the  tube^  and  condt'naed  upon  the  cooler  part 

ThuB  i&  recovered  the  metnllic  tnercury  from  wliteli  the  rod 
n\ercury-ni8t  was  originally  prepared  by  long  lieiiting  in  contact 
with  nir.  Is  the  gas,  which  the  mercury  originally  took  from  the 
fltmotipbei'ts,  air  itself^  or  something  ditrereut? 

Kvp^  iS, — Inti'oduce  a  lighted  splinter  of  £afb  wood  into  a  bottle  of 
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be  gr&js  collected  in  tbe  laat  expenment  It  will  bum  with  much 
greater  brilliancy  than  in  the  air.  AttAch  a  bit  of  wax  taptT  to  a 
piece  of  wire  ;  light  the  taper,  blow  it  out,  and  while  the  witk  still 
glows,  introduce  it  into  a  second  bottle  of  the  gus  of  Exp,  5.  The 
glowinjf  wick  wiU  burat  into  tiame,  imd  the  taper  will  burn  with  ex- 
traordinarj  brilliiincj, 

!!•  It  is  very  obvious,  from  these  experiments,  that  the  gas 
which  enters  into  the  composition  of  mercury -rust  is  not  air 
itself.  But  since  it  came  originally  from  the  air,  if  it  is  not  the 
whole  of  air,  it  must  be  a  part  or  constituent  of  air.  This  gas, 
which  causes  com  bus  tibia  substances  to  bum  with  such  inteudity, 
18  indeed  a  constant  constituent  of  the  air,  and  a  thorough  study  of 
all  its  properties  will  hereafter  convince  us  that  it  is  a  chemical 
element  of  very  various  powers  and  great  importance.  It  is  called 
orwjtn^  and  uader  this  name  it  will  form  the  subject  of  the  next 
chapter. 

12.  But  if  oxj'gen  be  not  air  itself,  but  only  a  constituent  of  air, 
it  follows  that  air  must  have  utlier  constituents,  or  at  least  one 
other  constituent.  If  mercurj-  be  long  heated  in  contact  with  a 
certain  confined  portion  of  air,  it  will  abstract  from  this  air^  as  we 
have  seen,  one  of  its  ingredients,  namely,  oxygen,  and  there  will  be 
left  behind  whatever  of  air  is  not  oxygen.  This  experiment,  the 
original  one  by  which  the  Ulustrious  chemist  Lavoisier  demon- 
strated that  air  is  a  constant  mixttue  of  two  difl'erent  gases, 
deserves  careM  study,  both  for  its  philosophical  value  and  its 
historical  importance.  The  actual  experiment  lasts  several  days, 
and  is  therefore  unsuitable  for  repetition  by  tbe  student,  A 
description  of  it  will  suffice. 

Into  a  flask,  provided  with  a  long  neck,  some  metallic  meincury  was 
Intrttdaced  ;   the  neck  of  the  flask  was  then  bent,  as  shown  in  Fig  4, 

^  llu^k  placed  upon  a  furnace,  and  the  end  of  the  neck  plunged  into 
^bfisii)  of  mercury ;  a  jar  was  then  placed  over  tbe  end  of  the  tube, 
'itid  a  portion  of  the  air  within  the  jar  was  sucked  out  by  means  of  a 
beat  tube ;  the  mercury  thereupon  rose  in  the  jar,  and  die  point  at 
which  it  stood  was  accurately  noted.  The  thermometer  and  barometer 
were  also  rimultaneouinly  observed.  Fire  was  then  lighted  in  the 
Ib^mace,  and  the  heat  mrtintained  for  twelve  days  at  a  point  just  below 
J^at  required  to  make  the  mercury  boil     The  m»^rcury  became  gra- 

klly  covered  with  red  ^cales^  and  the  air  in  the  j)n\  which  at  first 
Dded  &om  the  action  of  the  heat,  slowly  deaeased  in  bulk  until 
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£reftb  scales  were  bo  longer  formed.  Prom  Ih^se  rod  sdalea  Layoiftier 
obtained,  by  tlie  method  already  exhibited  (Exp.  5),  the  element  oxy- 
g:en.  The  residual  air  in  the  jar  proved,  on  examiiiationi  to  be  unlit 
for  the  support  of  combustion  and 
of  animal  life ;   a  candle  was  in* 


r.g.4 


fitiintly  extinji^ishcd  by  it,  as  if 
plunged  in  water,  and  small  ani- 
mals, thrust  into  the  gas,  died  in 
II  few  seconds.  The  gas  i^,  in 
Teality^  a  second  t*leraentary  sub- 
Btance,  distinguished  by  nmrked 
chemical  and  pliysicnl  peculian- 
liee,  It  i»  cjilled  nitru^enf  and 
under  this  naintj  will  be  more 
completely  studied  in  another  cliapter. 

13.  The  experiment  of  Lavoisier  not  only  affords  the  means  of 
eeparatiu^  the  two  different  gases  of  which  air  is  composed,  but 
alao  determines  the  proportiona  in  which  they  are  niixed  in  air. 
If  the  diminution  in  bulk  which  the  air  in  the  jar  undergoes 
during  the  whole  progress  of  the  expei-imcnt  be  accurately 
measured,  it  will  be  found  that  the  bulk  of  the  residual  gas,  the 
nitrogen,  is  only  four-fifths  of  the  original  volume  of  air*  The 
lost  fifth  is  the  oxygen  which  has  combined  with  the  raercuiy, 
Tlie  air,  then,  is  not  an  element,  but  is  compound,  and  its  two 
principal  ingredients  are  the  elementary  bodies  oxygen  and 
nitrogen,  mixed  in  the  proportion  of  four  measures  of  nitrogen 
to  one-  of  oxygen.  It  is  qmtc  possible  to  prove  by  syn thesis 
what  analysis  has  thus  taught.  On  putting  together  four  mea- 
sures of  nitrogen  and  one  measure  of  oxygen,  a  mixture  is  ob- 
tttined,  which,  except  by  very  refined  experiments,  is  not  to  bo 
distinguished  from  pure  air,  Ar]ueous  vapor  is  another  normal 
constituent  of  the  actual  atmosphere,  and  small  truces  of  other 
gases  than  nitro|?en  and  oxygen  are  always  present  in  it|  aa  will 
be  set  forth  here&fter. 
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OXYGEN. 


14*  Oxygen  gas  maj  bo  prepared  by  heating  red  oxide  of 

mercury,  as  described  in  Exp.  5  ;    or,  far  more  couvtitiiently,  by 

beating  a  mixture  of  chlorate  of  potassium  and  black  oxide  of 

^manganese.     For  the  present  we  have  to  regard  these  substances 

Dcrely  as  materials  suitable  for  the  preparation  of  oxygen.     Their 

[•constitution  will  be  studied  hereafter. 

Erp,  7. — Mix  intimately  6  gnns.  of  chlorate  of  potassium  with 

5  grms.  of  black  oxide  a£  roangnnijae,  which  has  been  pre\ioualy  woll 

liod.     rince  the  mixtm^C!  in  a  tube  of  hard  glosd,  No«  1, 12  or  15  cm. 

length.    Attach  to  this  ipiitiun-tube,  by  means  of  a  perforated 

or  tfttoutchouc  stopper^  s  delivery -t\ibe  of  glass,  No*  7,  ns  repre- 

1  in  Fig  3,  and  described  upon  pnge  8.     Heat  the  mixture  in  the 

ition-tube  and  collect  the  gas  which  will  be  giTen  off,  in  bottles  or 

|art»  of  the  capacity  of  shout  2o0  c.  c.      The  first  100  c.  c.  or  so  of  gas 

bould  be  i*ejected,  since  it  will  be  contaminated  with  the  air  origi- 

^nally  contained  in  the  apparatus. 

It  18  easy  to  determine  the  moment  at  which  the  evolution  of  ojygen 

Httntuiiences,  by  notinf^  the  increased  size  of  the  bubbles  of  this  gas  as 

ontrasted  with  tho*e  of  the  expanded  air,  and  the  greater  rapidity 

ith  which  the  bubbles  of  oxygen  come  over.     For  every  grm.  of 

hJorate  of  potassium  tnken,  about  230  c.  c.  of  oxygen  gas  should  be 

obtainetL 

Bciades  the  general  precautions  described  under  Exp,  5,  the  follow- 
ing should  here  be  observed.  1.  Both  the  chlorate  of  potii^isium  and 
Ihts  oxide  of  mangtmese  should  be  p<*rfectly  dry  and  pure — ibut  is^  frew 
from  moisture,  dust,  or  particles  of  organic  matter.  2.  So  soon  as  the 
o:%vgrR  begins  to  be  delivered,  the  heat  beneath  the  ignition-tube 
thould  be  diminished,  if  need  be,  and  so  n^gulated  that  the  evolution 
fgas  shall  be  tranquil  and  uniform.  3.  The  uppermost  portions  of 
»  mixture  should  be  heated  before  the  lower.  4,  An  ignition-tube 
liould  never  be  filled  to  more  than  one-third  its  total  capacity,  lest 
rtions  of  its  contents  be  projected  id  to  the  delivery-tube.  The 
r danger  to  be  guarded  against  in  using  ignition-tubes  is  the  stop* 
k  of  their  outlets  with  solid  matter.    5,  The  ignition- tube  should 
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always  be  inclined  aa  represented  in  Fig.  3,  and  ne^er  placed  upngKt 
in  the  Eanuv 

The  oxygen  tha^  obtained  ia  to  be  employed  in  the  experiment« 
Bbortly  to  be  described.     In  case  large  quantities  of  oxygen  are  needed, 
a  similar  mixture  of  equal  weij^hts  of  chlorate  of  potassium  and  black  , 
oxide  of  manganese  is  ht^ated  in  a  retort  of  iron  or  copper,  and  the  gattl 
\a  collected  in  Lirge  metallic  vessels,  caUed  gas-holders,  such  as  arftJ 
described  in  §  11  of  the  Appendix. 

Besides  the  methods  above  described,  there  are  many  other 
ways  of  preparing  oxygen.  Several  of  these  methods  will  be 
described  hereafter,  when  the  matenaU  employed  can  be  inteUi- 
gently  studied. 

15.  Oxygen  is  a  transparent  and  colorless  gas,  not  to  be  dis- 
tinguished by  its  aspect  from  atmospheric  air.  Lilte  air,  it  has 
neither  tiiste  nor  smoU.  It  is,  however,  somewhat  heavier  than 
air.  If  the  weight  of  a  measure  of  air  be  taken  as  1,  then  the 
weight  of  the  same  measure  of  oxygen  is  found  to  bo  1*1050, 
At  0^,  and  a  pressure  of  760  m.m.  of  mercury  1  litre  of  oat y gen 
gas  weighs  1-4298  grm. 

Since  oxygen  is  thus  heavier  than  air,  it  is  not  absolutely  necessary, 
in  collectinir  it»  or  trans^femng  it  from  one  veseel  to  anoth^^r,  that  we 
shouhl  operate  over  water^  as  has  been  directed.  When  a  pas  is  much 
heaviery  or  much  lifilit^ir,  thnn  atniospheric  air^  it  nmy  often  be  con- 
veniently collected  by  dii^piaeentent.  A  bottle  rnn  readily  be  tillod 
with  oxygen  from  the  gas-holder  by  carrying  the  dnliveni^-tube  tu  the 
bottom  of  llm  upright  bottle,  and  nllowing  tho  jrits  to  flow  in  slowly, 
as  if  it  were  wst*^r.  In  a  !»hort  tiute  the  air  will  be  wholly  dinplsced, 
and  the  bottle  tilleil  with  oxygen,  The  progress  of  the  opi^mtion  am 
be  followed  by  te^ti ug  the  contents  of  the  upper  part  of  the  bottle  from 
time  to  lime,  with  a  glowing  match  ;  when  this  bursts  c<harply  into 
flame  the  gaa  may  be  a^umed  to  be  pure  enough  for  all  ordinary 
pur^Mij^es. 

16.  Oxygen  has  never  yet  been  reduced  to  the  liquid  condition. 
Of  all  known  substances  it  exerts  the  smallest  refracting  power 
upon  the  rays  of  light.  Compared  with  that  of  atmospheric  air, 
its  rt^fractivo  power  is  as  0*830  to  1*000.  The  specific  heat  of 
oxygen,  comfrared  with  that  of  an  equal  weight  of  water  taken  as 
unity,  h  0*2182  ;  it  has  a  lower  capacity  than  other  gases  for 
absorbing  and  radiating  hcixt.  Water  dissolves  it  in  small  pro- 
portion ;  100  volumes  of  water  dissolve,  at  the  ordinary  tempera- 
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Fig.  5. 
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ture,  about  S  volnmes  of  oxygen.     It  exhibits  decided  mftguetic 

Lproperties.     A  glass  tube  filled  with  oxyg^on  and  suspeDded  by  a 

rfibre  of  ailk  between  the  ends  of  a  str*>ng  horse- shoe  magnet  soon 

cornea  to  rest  in  snch  a  position  that  its  long  axis  is  parallel  to  a 

lino  drawn  between  the  two  poles.     As  with  iron,  its  susceptibi- 

lity  to  magnetization  m  diraiiiiahed,  or  even  temporarily  suspended, 

bby  a  sufficient  elevation  of  temjierttiure.   Its  magnetic  force,  com* 

with  that  of  the  air,  is  as  17 '5  to  3*4,  that  of  a  vacuum  being 

aken  as  0. 

IT.  A  striking  charaetenstic  of  oxygen  is  its  power  of  sup- 
porting combustion.  This  huts  already  been  illustrated  in  Exp.  6, 
and  may  b©  further  exhibited  by  a  great  variety  of  experiments. 

^Exp*  8. — Place  in  a  deflagrating?  spoon  (eee  Appendix, 
f  IS),  A  bit  of  sulphur  as  lar^^  8S  a  pea.  Light  the  sul- 
bur,  and  thrust  it  into  a  bottle  of  oxygen.  It  wiU  bum 
ilh  a  beAutiful  blue  tlame,  and  much  more  brilliantly 
tbwi  in  air.  An  acid,  suffocating  gad  is  produced. 
Ex]^,  9. — Pkce  a  piece  of  charcoal,  that  of  bark  ia 
in  a  deflagrating  spoon.  Kindle  the  charcoal  by 
^toldiii^  it  in  the  flame  of  a  lamp,  and  then  introduce  it 
intn  a  bottle  of  oxyg^en.  It  will  bum  vividly,  throwing 
off"  brilliant  sparks  if  bark  charcoal  ha*  been  employed. 

In  this  experinumt,  as  in  the  preceding,  the  prod  acta  of  the  oom- 
buflttoxt  arti  obviously  gaseous^  no  solid  substance  being-  formed. 

Exp,  10. — A  piece  of  phosphorua,  the  size  of  a  small  pea,  baying 

en  well  dried  between  pieces  of  blotting-paper,  is  placed  in  a  defla- 

rgrating  apoon^  touched  with  a  hot  wire  or  a  lighted  match,  and  then 

thrust  into  a  jar  of  oxygen.    It  will  bum  with  intense  brilliancy  and 

the  formation  of  a  dense  white  smoke. 

It  should  be  obeer^'ed  that  phos^phoTOs  is  a  substance  which  Inftamea 

^rery  readily  in  the  air,  when  subjected  to  friction  or  any  slij^ht  eleva- 

i  of  temperature.    It  is  hence  ao  dangerous  that  it  must  always  be 

pt  under  water.     It  should  alao  be  cut  under  water. 

18.  Many  substances  commonly  called  incombustible,  because 

they  do  not  bum  readily  in  ordinary  air,  burn  vigorously  in 

oxygen*     Of  the«e,  metallic  iron  may  be  taken  as  an  example. 

Erp.  IL^I^onvert  two-thirds  of  a  piece  of  fine  piano-wire  30  or 

\  cm.  long  into  a  spiral,  by  winding  it  tightly  around  a  glfts&  rod, 

lo.  6,  or  lead  pencil,  and  then  withdrawing  the  rod  or  pencil.     Thrust 

Ui«  atraight  end  of  this  wire  into  a  cork  or  piece  of  thin  board  large 
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eaotigK  to  cover  one  of  the  hot  ties  of  oxvfjren  obtnined  !tj  Exp.  7. 
Upon  the  lower  end  of  the  wire  coil  tie  n  small  piece  of  wa^ed 
thrend,  or  touch  with  a  hit  of  meliiid  sulphur  the  end  of  the  sfplral,  so 
that  a  small  head  of  sulphur  ehfill  adhere  to  the  wire.  Kindle  the 
thread  or  sulphur,  and  quiekly  place  the  wire  in  a  bottle  of  oxygen,  at 
the  bottom  of  whith  has  been  i^pread  a  layer  of  gand. 

The  burnmjpr  sulphur  heats  the  iron  to  redness,  which  then  bums 
brill iftutlv,  vvith  scintillation.  From  time  to  time,  glowing  balls  of 
molten  matter  fall  off  from  the  wire,  and  burj'  themselves  in  the  sand 
at  the  b^ittom  of  the  bottle,  or  even  melt  into  the  i^laas. 

If  an  abundnnce  of  oxygen  be  at  hand,  this  experiment  had  better 
be  perforraeil  in  a  jar  of  2  or  3  litres  capacity,— a  watrh-spring  which 
ha«  been  rentlered  flexible  by  igniting  it,  and  then  allow^ 
ing  it  to  cool  slowly,  being"  the  best  material  with  which  to 
form  the  spiml  coiL  In  this  case  it  is  well  to  tie  a  bit  of 
tinder  upon  the  end  of  the  coil  as  the  kindling  material,  or 
to  attft4?h  a  piece  of  twine  to  the  wire,  and  soak  this  in 
sulphtiT.  But  the  experiment  succeeds  well  even  in  very 
Rmall  bottles  of  oxygen,  providf?d  the  wire  be  Hnt»,  nnd 
that  the  quantity  of  sulphur,  or  other  matter,  employed 
for  kindling  bo  not  too  large. 

19,  This  experiment  clearly  proves  what  has  been  already 
Btated,  that  iron,  when  red-hot,  combines  with  oxygen.  It  is 
the  burnt  or  oxidized  iron  ^.vhich  fidls  in  globules  to  the  bottom 
of  the  bottle.     This  substanoo  is  called  oxide  of  iron.     The  com- 

\  pounds  which  are  foi-med  by  the  union  of  oxygen  with  other 
elements  are  call<^d  Gxides,  The  substances  which  have  be<*u 
heretofore  mentioned  nnder  the  more  familiar  name  of  rust,  like 
iron-nist,  tin -rust,  mercury- rust,  are  rallied  in  chemistry  oxidea 
— ^as  the  oxide  of  iron,  oxide  of  tin,  and  oxide  of  mercury. 

20.  It  will  have  been  observed  that  the  combinations  obtained 
in  the  foregoing  experiments  are  of  very  various  quality.  Soma 
of  those  compounds  are  solid,  others  gaseous ;  some  are  acid  and 

I  caustic,  while  others  are  tasteless  and  innocuous.  They  ag^ree 
only  in  this,  that  they  all  contain  oxygen.  All  these  bodies  will 
bo  studied  in  detail  hereafter.  It  concerns  ns  now  more  particu- 
larly to  realize  the  numl>er  and  variety  of  the  bodies  into  which 
oxygen  enters  as  an  essential  ingredient.  In  fact,  the  most 
important  quality  of  oxygen  is  that,  with  a  single  exception,  it 
unitea  with  all  the  othor  elements  to  form  compounds. 
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This  aot  of  combination  is  often  accompanied  by  devolopmetit 
of  light  and  heat,  as  in  the  foregoing  experiments ;  in  the 
niTairB  of  common  life  we  doily  witness  similar  effects.  All  the 
ordinary  phenomena  of  fire  and  light  depend  upon  the  union  of 
the  body  burned  with  the  oxygen  of  the  air.  Indeed,  the  terra 
combuition  may  for  all  ordinaiy  purposes  be  regarded  as  gynony- 
mous  with  oxidation. 

Combtistion  is  less  vivid  in  air  than  in  pure  oxygen,  because 
of  tlie  nitrogen  with  which  the  oxygen  of  the  air  is  diluted.  If 
Ift  substance  combines  slowly  with  oxygen,  it  may  often  happen 
^thiit  no  evolation  of  heat  or  light  can  be  detected*  Thus,  when 
i  small  piece  of  Iron  rusts  at  the  ordinary  temperature  of  the  air, 
there  is  pcrc4>ivcd  neither  light  nor  heat,  although  a  combinatiou 
of  iron  and  oxygen  has  been  formed,  aa  in  Exp.  11.  Heat  is 
ly  disengaged  in  the  alow  rasting  of  iron,  as  in  every  act  of 
'  chemical  combination,  but  it  is  taken  up  and  carried  away  by  the 
circumambient  air  at  the  moment  of  its  formation,  so  that  it  can- 
not usually  be  perceived.  Slow  oxidation,  such  as  this,  is  often 
oken  of  as  slow  combustion. 

21.  Many  of  the  compounds  of  oxygen  are  very  fnimliar 
ies^  Indeed,  oxygen  is  the  most  widely  diffused  and  the  most 
ttundant  of  all  kno^^  substances.  Not  only  does  it  occur  in 
the  air,  of  which  it  constitutes  about  one-fifth  the  volume,  as  baa 
been  already  remarked,  but  at  least  one-third  of  the  solid  crust 
of  the  globe  is  composed  of  it.  It  is  the  chief  ingredient  of 
water,  as  will  appear  in  a  subsequent  chapter.  It  eniers  lai^ly 
into  the  composition  of  plants  and  animals,  Silica,  in  all  its 
varieties  of  sand,  flint,  quartz,  rock-crj-stal,  &c.,  contains  about 
its  weight  of  oxygen,  and  the  same  is  true  of  the  various 
inds  of  clay,  and  of  chalk,  limestone,  and  marble.  Oxygen  is 
fthsolutoly  essential  to  the  maintenance  of  animal  and  vegetable 
life.  The  chemistry  of  the  respiration  of  animals  depends  upon 
the  absorption  of  oxygen  from  the  air  respired.  In  the  absenoe 
of  oxygen  suffocation  ensnea* 
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22.  The  conimoii  modes  of  obtaiDing  nitrogen  depend  upoa 
tlie  removal  of  oxygen  from  the  air* 

Ejtp.  12.— Fill  a  tube  of  hard  gloss,  No.  2,  about  35  centimetres 
lonjr,  vv*ith  bright,  not  too  coarse^  copper  turnings;  place  thk  tube 
upon  a  semicylindrical  truiigb  of  shuet  iron,  and  sopport  it  upon  a 
riMg  of  the  iron  stand,  as  sho^vn  in  Fig.  7.  It  is  well  to  interpose  a 
thin  liijer  of  asbestos  betwet^n  the  tube  and  the  iron  trough,  in  order 
to  prevent  ihe  glass  from  adhering  to  the  metal  when  it  becomes  soft 
by  heat.  Ry  means  of  corks,  attach  to  one  end  of  this  tube  a  delivery- 
tube  kniding  to  the  water-pan,  as  shown  in  the  figure^  and  connect  the 
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other  end  with  a  gas-holder  filled  with  air.  Light  the  lamps  (for  a 
description  of  these,  see  Appendix,  §  5)  beneath  the  tube  which  con- 
tains the  copper  turnings,  and  w^ait  until  the  copper  has  become  red- 
hot  ;  then  lUlow  air  to  tlow  alowly  out  of  the  gas-holder  over  the  hot 
metal.  The  heated  copper  "will  combine  with  the  oxygen  of  tlii*  air, 
and  retain  the  whole  of  it,  bo  that  nothing  bat  nitrogen  will  be  delivered 
at  the  water- pan.  This  nitrogen  may  be  collected  in  fijnall  bottles  and 
tested  with  lighted  Fpliiilerft  of  wood,  which  should  be  instantly  ex- 
tinguished on  being  immersed  in  it. 

23.  A  still  simpler  method  of  preparing  nitrogen  is  to  bum 
out  the  oxygen  from  a  confined  portion  of  air,  by  phospboms,  or 
hj  a  jot  of  hydrogen. 
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JEip,  18* — ^Float  ft  small  porcelain  capsuk  upon  the  surface  of  the 
wm^T-peii ;  a  large  cork  must  be  placed  benentli  the  capsule  if  the  latter 
will  not  float  of  itself.  In  the  capsule  put  about  a  cubic  centimetre  of 
phosphorus,  and  ml  it  on  fire.  Invert  over  the  whole  a  wide-mouthed 
bottle,  of  the  eapHcity  of  a  litre  or  more^  and  hold  this  bottle  so  that 
its  mouth  *hftU  dip  baieath  the  surface  of  the  water.  During  the  first 
itimenta  of  the  combustion,  the  heat  developed  thereby  will  c^uae  the 
within  the  bottle  to  expand  to  such  an  extent  that  a  few  bubbles 
of  the  air  will  be  expelled ;  but  after  several  seconds  water  will  rise 
into  the  bottle  to  take  the  place  of  the  oxy^n  which  has  united  with 
the  phosphorus. 

The  dense  white  cloudy  which  fills  the  bottle  at  firet,  is  a  compound 
of  phosphorus  and  oxygen  which  is  soluble  in  water.  It  will,  there- 
fore»  ftiion  be  absorbed  by  the  water  in  the  pan,  and  will  diwippear^  ao 
that  at  the  close  of  the  experiment  nearly  pure  nitro<?en  will  be  left 
ill  the  bottle.  But,  aa  the  phosphorus  ceases  to  bum  before  the  laat 
twees  of  oxygen  are  exhausted  (compare  5  ISO),  the  nitrogen  obtained 
by  this  method  is  never  absolutely  pure. 
Ab  »oon  as  the  phosphorus  g%>es  out,  the  bottle  should  be  shaken  in 
ch  a  way  that  the  porcelain  capsule  may  be  upset^  and  sunk  in  the 
•ter-pan.     The  properties  of  the  nitrogen  may  now  be  examined. 

24.  l^itrogeii  is  a  tmnsparent,  colorless,  tastelesd,  odorless^ 

ondeneable  gas.  It  is  not  quit^  so  heavy  as  air.  If  a  mca- 
of  air  wei^h  1  gramme,  then  an  equal  measure  of  nitrogen 
will  weigh  0*9714  gramme.  At  0"^,  and  a  pressure  of  760  miUi- 
mctres  of  mercury,  1  litre  of  nitrogen  weighs  1'256  gramme. 
The  «^p€cific  heat  of  the  gas  is  0*244,  that  of  an  equal  weight  of 
water  being  I'OOO.  A  litre  of  water  at  0°  dissolves  only  20  cubic 
Centimetres  of  nitrogen.  Its  refractive  power  in  regard  to  light 
b  to  that  of  atmospheric  air  as  1*034  to  1-000. 

25.  In  its  cheniieal  deportment  towards  other  substances,  nitxo- 
gon  is  remarkably  different  from  oxygen.  >Vhilst  oxygen  is 
actiTe  &nd«  as  it  were,  aggrcs^^ive,  nitrogen,  at  least  when  in  the 
condition  in  which  it  exists  in  air,  is  remarkably  inert  and 
indifferent  as  regards  entering  into  combination  with  other 
bodies.  It  is  marked  rather  by  the  absence  of  salient  character- 
istics than  by  any  active  properties  of  its  own.  Many  of  the 
metals,  sulphur,  phosphorus,  and  numerous  other  substances,  may 
be  kept  unchanged  for  any  length  of  time  in  vessels  filled  with 
nitrogen.    A  burning  cJLndle  will  instantly  be  extinguished  when 
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thrast  into  a  jar  of  nitrogen  gas,  for  with  the  nitrogen  the  con- 
stituents of  the  randle  have  no  tendency  to  combine. 

As  it  extinguishes  flame,  80  it  destroys  life.  Animals  cannot 
live  in  an  atmosphere  of  pnro  nitrogen.  It  may,  indeed,  be 
breathed  for  a  short  time  with  impunity,  but  it  does  not  support 
respiration.  It  is  not  poisonous ;  if  it  were,  it  could  not  be 
breathed  in  such  large  quantities  as  it  is  in  air.  An  diiimal  im- 
mersed in  it  dies,  simply  from  want  of  oxygen. 

26.  As  a  diluent  of  the  oxygen  in  the  air,  nitrogen  is  essential 
to  the  existing  balance  and  order  of  Nature.  All  animal  and 
vegetable  life — most  inanimate  matter,  even — stands  in  harmo- 
nious relations  with  the  chemical  composition  of  the  atmosphere. 
The  presence  of  so  large  a  proportion  of  nitrogen  in  the  air  pre- 
vents the  too  rapid  action,  as  regards  combustion  and  respiration, 
that  would  take  place  in  an  atmosphere  of  uninixi.*d  oxygen. 

Nitrogen  is  widely  diffused  in  nature.  Besides  occurring  in 
the  air,  it  is  a  constituent  part  of  all  animals  and  vegetables,  and 
of  many  of  the  products  resulting  from  their  decomposition. 
Notwithstanding  the  indisposition  of  nitrogen  in  the  free  state  to 
enter  into  combination,  a  very  large  number  of  interesting  and 
important  compounds  can  be  formed  by  resorting  to  indirect 
methods  of  effecting  its  union  with  other  elements. 
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27.  Another  natural  substance,  quite  aa  common  aa  air,  ia 
water.  Three- fourths  of  the  earth's  surface  is  covered  with  it. 
It  IS  diffuMod  through  the  atmosphere  in  tbo  form  of  vapor,  and 
is  a  constituent  of  all  animal  and  vegetable  substances,  and  of 
many  minerals.  We  take  up  next  this  familiar  substance,  in 
order  that  we  may  gain,  through  the  study  of  it,  a  deeper  insight 
intx»  chemical  principles,  and  enlarge  our  experience  by  making 
acquaintance  with  a  new  element.  Let  us  first  deliue  with  pre- 
cLnon  tho  external  and  physical  properties  of  water,  and  then 
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applj  the  two  chemical  methods^  of  aaaljsia  and  svnf!i(^«;].^.  to  the 
clooer  inve^tti^ation  of  its  essential  nature. 

2S,  At  the  ordinary  tomperature  of  tbe  air,  pure  WiiTer  is  a 
transparent  U(|uid»  devoid  of  taste  or  smell.  In  thin  laytra  it 
appears  to  be  colorless,  but  large  masses  of  it  are  disTinctly  blue, 
as  Been  in  mid-ocean,  in  many  de^p  lakes  of  pure  wat^r,  and  in 
masses  of  ice^  such  as  iceberg-^  and  some  glaciers  where  it  is  pos* 
Bible  to  look  through  the  ice  from  below* 

This  color  can  be  seen  upon  tbe  small  scale  by  looking  down  through 
a  column  of  pure  water,  2  metrts  long,  upon  pieces  of  whit*^  porcelain. 
Tht»  water  may  be  held  in  a  glass  tube,  6  cm.  vnd^f  which  ha*  JxHfO 
blackened  internally  with  lamp-black  and  wax  to  within  r25  cm.  of 
the  •»nd,  which  is  closed  by  a  cork.  Fill  the  tul)e  with  chemically 
pttn>  water*  throw  into  it  a  few  pieces  of  porcelain,  and  place  it  in  a 
vertical  po^^ition.  on  a  white  plate.  On  now  looking  through  the  co- 
lumn of  water  at  the  bits  of  |K>rc*elaiu,  which  cJin  only  be  illuiiuDed  by 
light  rc*llect««d  from  the  white  phitc  through  the  rim  of  clear  \!\n86f  it 
will  be  ob?er\'rd  that  they  exhibit  a  pure  blue  tint,  the  intensity  of 
which  will  dimiuli^h  in  propi)rtion  aa  the  column  of  water  is  shortened. 
The  blue  coloration  may  abio  be  recoiftiized  when  a  white  object  if 
lUttminated  thirough  the  ctilumn  of  water,  by  sunlight^  and  seen  at 
th«»  bottom  of  the  tube  through  a  small  lateral  opening  in  the  black 
coating. 

20*  At  4°,  the  temperature  at  which  it  ia  densest,  water  is 
7T«J  limes  heavier  than  air  at  0^;  at  15°  it  is  819  times  heavier 
than  air  of  the  same  temperature.  A  cubic  centimetre  of  water 
at  its  greatest  density,  that  is*  at  4°,  weighed  in  a  vacuum,  is  our 
anit  of  weight^ — a  gramme.  One  litre  of  water,  which  measures 
HMKI  cubic  centimetres,  therefore,  weighs  a  kilogramme.  Water 
n»le  and  elastic ;  by  the  pressure  of  one  atmosphere  it 
t  ed  to  the  extent  of  about  47*millionths  of  its  original 
volume,  and  this  is  true  f  >r  every  added  atmosphere  of  pressure 
I  far  as  exiK^riment  has  extended.  Water  expands  u|K)n  being 
lied,  though  at  a  less  rate  than  other  li«pida ;  the  rate  of  ex- 
pansion increases  with  the  temperature.  Notwithstanding  the 
i^t  that  water  e.X]KUids  when  ojoled  below  4*^.  as  well  us  when 
warmed  above  that  temperature,  its  rtvfractive  power  on  light 
continues  to  increase  regularly  below  4^,  as  though  it  conU*ac'ted. 
The  refractive    index    increases    continuously  between    4-5^2° 
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and  —1*3**,  the  direction  of  the  variation  not  changing  in  the 
passage  through  the  point  of  maximum  density,  At  (f  the  index 
is  1'333. 

30 »  Pure  water  at  0°,  a  temperature  always  to  be  obtained  by 
melting  ice,  is  taken  as  a  standard  to  which  the  weights  of  equal 
bulki*  of  other  substances,  liquid  or  solid,  are  referred.  In  other 
words,  the  specific  rfravitif  of  water  is  taken  as  1  ;  and  in  terms 
of  this  unit  the  specific  gravities  of  all  other  liquid  and  solid  sub- 
stances are  exprc^ed.  The  specific  gravity  of  gold,  for  example, 
is  19-3 ;  that  is  to  say,  the  weights  of  equal  bulks  of  water  and 
of  gold  are  to  one  another  as  1  to  19*3. 

31.  Water  is  also  the  standard  of  specific  heat.  By  specific 
heatj*  are  meant  the  relative  capacities  for  heat  of  the  same 
weight'*  of  different  substances,  at  the  same  temperature.  For 
example,  to  raise  1  kilogramme  of  mercury  from  0°  to  P  requires 
only  one-thirtieth  of  the  quantity  of  heat  necessary  to  raise  1  kilo- 
gramme of  water  from  O''  to  1°,  Water  having  been  made  the 
Btandard  of  specitie  heat,  its  capacity  for  heat  is  denoted  by  1, 
and  that  of  mercury  wiD  accordingly  be  0'033.  At  the  same 
temperature,  and  for  equal  weights,  water  has  a  greater  capacity 
for  heat  than  any  solid  or  liquid  known*  Hence  it  results  that 
the  specific  heats  of  all  solid  and  liquid  substances  are  expressed 
by  fractions. 

Water  conducts  heat  very  slowly;  it  may  be  boiled  many 
minutes  at  the  top  of  the  test-tube,  which  is  held  all  the  while 
by  the  lower  end,  in  the  fingers,  without  inconvenience. 

32,  When  exposed  to  a  certain  degree  of  cold,  water  crystal- 
lizes, with  formation  of  ice,  or  snow,  accoi'di ng  to  circumstances; 
and  upon  being  heated  sufficiently  it  is  trans foimed  into  an 
invisible  gas,  called  steam.  Both  these  changes,  however,  are 
purely  physical,  and  therefore  do  not  fall  within  the  province  of 
this  manual.  The  chemical  composition  of  the  water  is  the 
iame,  whether  it  be  liquid,  solid,  or  gaseous.  The  temperature 
at  which  ice  melts  is  one  of  tho  fixed  point**  of  the  centigrade 
thermometer,  numbered  0^,  and  the  temperature  at  wbicli  water 
boils,  under  a  pressure  of  76  c.m,  of  mercury,  is  the  other  fixed 
point,  numbered  100°,  Water  evaporates  at  all  temperatures, 
and  is  therefore  a  constant  ingredient  of  the  atmosphere.     Even 
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fty  evaporates,  at  temperatures  far  below  (P,  without  first 
passm^  into  the  liquid  coudidon. 

In  crystallizing,  that  is  to  say,  in  ansuraing  the  solid  form, 
wat^r  increases  in  volume.  The  specific  gravity  of  ice  is  only 
O'OIG,  which  is  equivalent  to  saying  that,  in  the  act  of  freezing, 
916  c.  c.  (cubic  centimetres)  of  water  wDl  be  changed  into  a  litre 
9(  ice*  From  this  fact  result  many  familiar  phenomena,  such  as 
the  floating  of  ice,  the  upheaving  and  disintegrating  action  of 
frosty  and  the  bursting  of  pi[)es  and  other  hollow  ves^eb  when 
Wttter  is  frozen  in  them.  Tho  crystals  of  ice  belong  to  the  so- 
called  hexagonal  system ;  they  are  six- sided  prisms,  with  regular 
iact» ;  by  agglomeration  tliey  produce  stellar  and  fem-Hke  forms 
of  infinite  rariety  and  great  beauty.  Ice  is  a  slow  conductor  of 
teat,  and  a  non-conductor  of  electiicity.  It  becomes  electric  by 
fiiction . 

Steam  is  a  colorie^s»  transparent  ga^H,  as  invisible  as  atmo- 
spheric air.  It  is  lighter  than  air,  the  weight  of  any  given 
volume  of  steam,  at  the  ordinary  temperature,  being  to  that  of 
the  saine  volume  of  air  as  0*622  to  1,  a  ratio  deduced  by  cidcula- 
tion  from  the  composition  of  steam.  At  100°,  the  boihng-point 
of  water,  the  ratio  of  the  wei;?hts  of  equal  volumes  of  steam  and 
air  is  0455  to  1,  and  one  volume  of  water  furnishes  about  1 700 
Tolumes  of  steam  of  100*^.  When  steam  is  heated  by  itself,  with- 
out the  presence  of  any  liquid  water,  it  is  called  superhtated 
steam ;  but  when  there  is  water  preseut,  so  that  no  excess  of 
heat  can  accumulate  in  the  steam,  above  the  quantity  needed  for 
Its  formation  tinder  the  pressure  at  which  it  exists,  the  steam  is 
called  miturattd,  meaning  saturated  with  water*  When  steam 
pes  into  the  air,  there  is  formed  a  multitude  of  little  bubbles 

vwsitiles,  composed  of  a  film  of  water  filled  with  air,  precisely 
to  the  vesicles  seen  in  clouds  and  fogs.  This  steam-cloud 
times  improperly  spoken  of  as  steam  or  vapor,  an  error 
•gainst  which  the  student  should  be  upon  his  guard.  Similar 
fogs  of  air-filled  vesicles  are  formed  whenever  the  atmosphere  is 
cooled  to  a  temperature  so  low  that  the  aqueous  vapor  contained 
ift  it  can  no  longer  exist  in  the  gaseous  state, 

33.  Let  u«  pass  now  to  the  analysis  of  water.     Of  what  is 
iraier  eompoesed.?      We  can  determine  this  point  by  raethodf 
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Bimilar  to  tliose  which  were  adopted  in  the  examination  of  air. 
There  are  several  metals  which,  upon  being  brought  into  contact 
with  w:iter»  will  abstract  from  it  one  of  ita  ingredients,  in  the 
same  way  that  we  have  seen  them  abstract  oxygen  from  the  air* 
Some  metals  can  abstract  this  ingredient  even  at  the  ordinary 
temperature.  Thus  the  metal  called  sodium,  on  being  brought 
into  contact  with  water,  decomposes  it,  and,  uniting  with  one  of  its 
constitucntdj  sets  free  another  as  a  gas,  Tkis  new  gas  ia  called 
Hydrogen* 

Ej-p.  14.— Make  a  email  cylinder  of  wire  gauze  by  roUing  a  piec^  of  ' 
ffine  gnuze,  about  6  cm*  square^  around  a  thick  piece  of  No.  0  glaafl 
tubing.  Twist  tine  wire  around  the  (ylinder  in  order  to  preservt*  its 
form,  (hen  slip  the  cylinder  off  the  gliw5.  and  close  one  end  of  it  by 
pre«wnre  with  a  etoul  pair  of  pmccrs.  Within  thiB  cylinder  of  wire 
gau^ee  place  a  piece  of  metalUc  sodiimi  as  large  as  a  small  pea,  and 
then  close  the  upper  end  of  the  cylinder  by  pressure  with  tlie  pincers, 
as  befnre.  Quickly  place  the  wire  gnnze  cylinder  under  the  mouth  of 
a  smiftll  bottle  of  100  or  200  c,  c.  capacity »  whirh  has  previously  been 
filled  with  wuter  and  left  inverted  in  the  water-pan. 

As  soon  RB  water  coiuch  in  contact  with  the  flixliuna,  bubble*  of  ga^ 
will  issue  from  the  wire  gauze  cage,  and,  rising  thron^'h  the  water^ 
will  collect  at  the  top  of  the  inverted  bottl*».  If  no  gas  is  generatiHl 
during  the  first  moment  after  the  wire  gauze  hns  been  placed  in  the 
water,  move  the  bottl<?  to  and  fro,  in  .-uch  ninnuer  that  the  gau/e 
cylinder  may  be  shaken  about,  and  water  forced  through  iU  intersticea, 
Aa  soon  as  the  evolution  of  gas  has  cert.^e<]»  L'ki«e  the  mouth  of  the 
bottle  with  a  f^nmll  plate  of  glass,  turn  it  mo  nth  uppermost,  remove  the 
plate,  and  touch  a  lighted  match  to  the  gas.  The  gas  will  take  fire 
with  a  8udden  flash. 

34.  At  a  low  red  heat  water  can  be  decomposed  by  several  of 
tho  metals,  such  as  iron,  tin,  zinc,  and  magnesium*  Iron  is  well 
adapted  for  this  cxpcrimeiit. 

Ktjh  15.— Provide  a  piece  of  iron  g/is-pipe,  about  1^5  cm.  long,  and 
1  cm.  or  nioro  in  internal  diameter ;  fill  it  with  Muall,  bright  iron- 
nings,  and  support  it  upon  a  ring  of  the  iron  stand  over  one  or  two 
^wiie-gaii«e  gns-lanips.  By  means  of  perforated  corks,  connect  with 
the  iron  tube,  on  the  one  hand,  a  glas*  delivery- tube  leading  to  the 
water-pjin*  as  shown  in  the  figure,  and.  upon  the  other,  a  delivery-tube 
coming  tVom  a  thin-bottomed  gln^s  lla.'^k,  half  full  of  water,  and  stip* 
ported  upon  a  ring  of  ft  aecand  iron  stand.     Light  the  lamps  beneath 


SLSCIBOLIBU  OF  WATEB. 


the  iron  tube»  And  wait  until  its  contents  have  become  red-hot ;  then 
haftt  the  water  in  the  flAsk  until  it  boUa  slowly.    As  the  aqueous 
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Tapor  passes  over  the  hot  iron*tuming«  it  will  be  decomposed,  one  ol 

ita  constituents  will  unite  with  the  irou«  and  hydrogen  will  pasa  off 

Ijllirou^h  the  delivery-tube  and  may  be  collected  in  bottles  at  the 

liter-pan^  so  bood  ae  the  air  originally  contiuned  in  the  tubes  and 

.  has  all  been  expelled. 
Jf,  at  the  close  of  thiA  expenmentp  and  after  the  tube  has  becotne 
old|  the  iron  be  removed  fipom  the  tube,  it  will  be  found  to  be  co- 
i  with  a  black  coating  gtmilar  to  that  which  fonns  on  inm  heated 
in  the  air. 

35,  By  the^  experiments  it  has  been  proved  that  one  of  the 
comf>oncnt8  of  water  is  a  gas  called  hydrogen.  But  with  the 
exception  of  the  coating  upon  the  iron  of  Exp.  15,  we  have  as 
yet  nothing  to  indicate  what  other  ingredients  the  water  may 
contain.  8uch  evidence  can,  however,  be  readily  obtained  by 
orting  to  another  method  of  analysis.  If  a  galvanic  current  is 
Pcanaed  to  flow  through  water,  the  force  by  which  the  constituents 
of  the  water  are  held  together  will  be  overcome,  and  the  water 
win  be  resolved  into  the  elements  of  which  it  is  composed.  On 
immersing  the  platinum  poles  of  a  galvanic  battery  in  water,  to 
Lwhich  a  little  sulphuric  acid  has  been  added  for  the  purpose  of 
n  creasing  its  con  ducting- power,  minute  bubbles  of  gas  will  im- 
mediately be  given  off  from  these  poles,  and  will  be  seen  rising 
^through  the  liquid.  We  have  here  abundant  proof  of  the  power- 
action  exerted  by  the  battery  upon  the  water.  But  the  ex- 
iment  wiH  be  much  more  satisfactory  if  it  be  made  in  a 
veHisel  to  arranged  that  the  evolved  gases  may  be  collocted  for 
examination. 
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For  this  purpose  the  apparatus  shown  in  Fig.  9  can  Be 
conveniently  employed.    The  teat-gloaa,  nearly  full  of 
water  which  has  been  mixed  with  from   y  to  J  of  siil* 
phuric  acid,  carrier  two  platinum  wirea  comenU^d  with 
shellac  into  the  glass.     These  wirea  terminate  above  in 
thin  {dates  of  platinum ;  over  each  of  these  plates  there 
is  inverted  a  long,  narrow  test-tube  full  of  water,  acidu^ 
lated  in  the  same  way  as  that  in  the  teat-glasa.    Upon 
connectiiig  the  wires  with   a  galvanic  battery, —  two  , 
Bunsen's  cells  of  medium  &ize  will  be  suificient, — the 
water  will  be  decomposed,  and  the  resulting  gase?*,  aa 
they  are  given  off  at  the  platinum  plates,  will  rise,  trans- 
parent and  colorless,  into  the  test-tubes.     On  comparing 
the  buika  of  the  two  gases,  it  will  be  found  that  twit-e  as 
much  gas  has  collected  in  tlie  one  tube  as  in  the  other. 
If  the  test-tube  containing  the  larger  volume  of  gas  be  i 
BOW  closed  witli  the  thumb,  tunned  m<>uth  uppei-most, 
and  the  gas  within  touched  with  a  lighted  match,  it  will  take  fin 
and  bum  with  the  characteristic  tiame  of  hydrogen.    It  is,  in  fact, 
hydrogen. 

If  the  smaller  volume  of  gas  in  the  other  tube  be  examined  in  the 
same  way,  it  will  not  inflame,  although  it  gives  intense  brilliancy  to 
the  combustion  of  the  match.     If  a  splinter  of  wood,  retaining  but  a 
single  ignited  spark,  be  immersed  in  the  gas,  it  inataudy  exhibits  a j 
vivid  incandescence,  and  in  a  moment  bursts  into  Hame.    This  gas  i 
oxygen.     It  is  thus  proved  that  out  of  water  may  be  unloosed  two  ' 
volumes  of  hydrogen  and  one  volume  of  oxygen. 

If  now  the  platinum  plates  be  pressed  so  near  together  that  a  single 
large  test-tiihe,  full  of  atndulatt^d  water^  can  be  placed  over  both,  the 
gas  obtained  by  passing  the  galvanic  current  will  exhibit  properties 
differing  frt>m  those  of  either  hydrogen  or  oxygen.  It  is  in  fact  a 
meohanicid  mixture  of  these  gases  in  the  proportions  in  wliich  t^ey 
would  unite  chemically  to  form  water.  The  mixture  is  precisely 
eimilar  to  that  which  would  have  been  obtained  if  the  two  volumes  of 
hydrogen  and  one  volume  of  oxygen,  previousdy  collected  in  two  sepa-* 
rate  tubes,  had  been  mixed  in  one.  On  touching  a  lighted  match  to 
the  mixed  gas  it  instantly  explodes  with  great  violence,  the  hydrogen 
burning  suddenly*  so  that  for  a  moment  a  flash  of  flame  tills  the  whole 
interior  of  the  tube.  Incited  by  the  burning  match,  the  hydrogen  and 
oxygen  have  combined  chemically  to  form  water,  a  portion  of  which 
in  deposited  aa  dow  upon  tho  inner  walls  of  the  tube. 

At  the  ieoiperature  of  the  air,  and  under  ordiiiary  oiroum-^ 
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stances,  oxygen  and  hydrogen  do  not  combine  chemically.  Upon 
being  brought  together  they  simply  mix  with  one  another  mecha- 
nically in  conformity  with  the  physical  laws  which  govern  the 
diffusion  of  gases.  But  under  the  influtnce  of  heat,  of  electricity, 
and  of  certain  other  agents,  the  two  gases  will  unite  chemically, 
and  will  thus  again  be  converted  into  the  water  from  which  they 
were  derived. 

36.  It  remains  to  be  investigated  whether  hydrogen  and  oxy- 
gen, during  their  conversion  into  water,  undergo  any  change  of 
volume,  or  merely  combine  to  produce  a  measure  of  gaseous 
water  exactly  equal  to  the  sum  of  the  measures  of  the  consti- 
tuents. To  determine  this  point  it  is  necessary  to  compare  the 
joint  volumes  of  the  constituents  of  the  water  with  the  volume  of 
the  product  lormed,  at  a  temperature  high  enough  to  maintain 
the  latter  in  the  purely  gaseous  condition  known  as  dry  steam. 

Through  the  closed  end  of  a  U-tube  (Fig.  10)  two  platinum  wires  are 
passed,  and  welded  tightly  to. the  glass  walls  of  the  tube.  The  outer 
ends  of  these  wires  are  formed  into  loops  for  the  attachment  of  appro- 
Fig.  11. 

Fig.  10. 


priate  battery  wires ;  their  inner  ends  are  separated  by  a  distance  of 
two  millimetres.  The  general  arrangement  of  the  apparatus  to  be 
employed  is  shown  in  Fig.  11.  The  U-tube  is  first  completely  filled 
with  mercury,  and  then  the  screw-compressor  (Appendix,  §  16)  at  a 
is  opened  so  as  to  afford  a  gradual  exit  to  the  metal  in  the  open  limb. 
By  means  of  a  delivery-tube  reaching  down  the  open  limb  to  the  bend 
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of  the  tube,  we  introduce  from  a  (?as-lif>lder  (me  Appendix,  S  ^^)  M 
quBntity  ot  »  mixture  oJ  oxvpen  and  bjdro^n,  made  in  the  propor 
tiotid  in  whieli  they  form  water, — numely,  two-t birds  hydrogen^  luiii 
one-third  oxytrea, — in  bucI^  a  ma-oner  that  the  gas  shall  bubble  up 
throHjjrh  the  mercury  into  the  senled  iimb|  from  which,  of  course,  tho 
mercury  escapes  as  tho  gaa  enters.  A  coluimi  of  gas  25  or  SO  c»m. 
hig'h  19  thus  admit  ted. 

It  must  be  borne  in  itiind  that  this  mixture  of  hydrogen  and  rixyg 
is  very  explosive  ;  fire  should  be  carefully  kept  away  from  the  vicinit 
of  the  ga^-holdi>r  which  cantaind  it,  and  any  renmant  of  the  mixtun 
which  i^  not  used  should  be  thrown  away  at  th^  end  of  the  experiment* 

The  frft$*lilled  limb  of  the  U-tube  is  next  surrounded  by  a  high  glass 
cylinder^  Ac,  the  ends  of  which  are  fitted  with  corkt*;  throu{^h  tho 
lower  cork  pasa  the  U-tuhe»  and  a  small  glass  tube,  which  is  connected 
with  a  condetising^  wonn»  rf,  kept  cool  with  waiter;  tbAuirh  thw  upper 
Si  cork  paAS  the  wire^i  which  are  to  carry  th^  electric  eurreut  to  the  plii^ 
tinum  points  at  the  top  of  the  U-tube,  and  a  bt*nt  ^la^iM  tube  coming 
from  the  fla«k.  e.     The  top  of  the  cylinder  b  c  rises  about  i3  c*m.  above 
the  fiealed  extrf^mity  of  the  U~tube.     In  the  flask  p,  fusel  oil,  a  liquid 
which  boils  at  182°,  a  point  much  hiyhur  than  the  t^mp+^ratiire  at 
wliich  water  becomes  a  pas,  is  kept  in  constant  ebullition.     The  vapor  i 
risiin^  from  the  flask  penetrates  ibe  annuhu-  space  between  the  U-tubej 
and  the  eneloiiing  cylinder,  and  quickly  raises  the  tube  to  it«  own  tem« 
perature.    These  strong-smelling  vapon^  are  not  allowed  to  eaeapo  intal 
the  atmosphere,  hut  an^  carried  out  from  the  bottom  of  the  cylinde 
h  r,  into  the  condi-nser  d. 

IfVTien  thus  liented,  the  column  of  mixed  oxygen  and  hydrogreo  in  J 
the  tube  expands,  and  its  height  is  marked  by  a  caoutchouc  nng^,  pre-'| 
Tiounly  slipped  ovtvr  the  cylinder  h  f.    Care  must  b+^  takiMi,  b»'fore  doing  1 
this,  to  briri)?  the  mercury  to  the  eame  level  in  both  limbs  of  the  U- 
tuhfi,  by  addiufr  or  withdrawing^  mercury  a.s  may  he  rei{uir*^d,     A  few  I 
ceutimetrevS  of  mercury  are  next  poured  into  the  open  limb,  which  ia 
then  clo.^etl  with  a  good  cork.     Between  thin  cork  and  the  mercury 
intervenes  a  cohunn  of  air,  S  or  10  cjn.  in  length,  which  will  act  aa  &  | 
spring,  and  break  the  shock  caused  hy  the  explosion  of  the  mixed  I 
gaaea.    This  mixture  is  now  t^  be  inllamed  by  causing  an  electric  < 
Bpark  to  pas«  h*»tween  the  platinum  points*  within  the  tube.     Thia 
opark  may  be  obtained  from  a  Kuhmkorlf  coii  or  frijm  an  electrical 
machine.     The  jrast**  instantly  rush  into  combination,  with  an  int^nad  i 
etiergy  which  prtnlucL*^  the  phenomena  called  explosive,  and  at  the 
high   temperature   which   exists  within   the   tube  { 132')  the  water 
formed  retains  the  gaseous  condition.     On  removing  the  cork,  and 
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illowing  the  mercaiy  to  flow  through  the  screw-compressor  until  it 
is  leyel  in  both  limbs  of  the  U-tube,  it  becomes  obvious  that  the  ori- 
ginal volume  of  the  gaseous  mixture  is  diminished  by  one-third ;  the 
residuary  two-thirds  are  dry  steam.  K  the  U-tube  is  allowed  to  cool, 
this  steam  will  condense  into  liquid  water. 

Figs.  12  and  13  represent  another  form  of  apparatus  for  performing 
this  important  experinenL  In  Fig.  12  the  U-tube  of  Fig.  11  is  replaced 

Fig.  12. 

Fig.  14 


Fig.  13. 
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by  an  iron  U|  such  as  is  used  in  connecting  parallel  steam-pipes,  into 
which  two  straight  glass  tubes  are  fitted  by  means  of  caoutchouc 
stoppers.  One  of  these  tubes  is  closed  at  one  end,  carries  two  platinum 
wires,  and  may  be  graduated  with  advantage ;  the  other  is  a  plain 
tube  open  at  both  ends.  The  iron  U  is  fastened  to  a  solid  iron  foot, 
and  into  its  side  a  small  iron  tube  is  inserted,  to  which  is  attached  a 
caoutchouc  connector  with  a  screw  compressor,  as  in  the  other  appa- 
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rains.  The  jacket-tube  (Yig.  13)  ia  a  lorpe  tube,  open  at  tlie  bottom 
ojid  closed  at  the  top  with  a  caoutchouc  stopper  carrviTig  the  delivery- 
tuho  for  the  hot  vapor  j  near  the  bottom  an  exit-tube  for  the  \apor  U 
welded  into  the  (?las8.  This  jacket-tube,  when  in  position,  slips 
tightly  m*er  the  Bame  caoutchouc  stopper  throuffh  wliieh  piis8t»B  the 
graduated  tube.  The  advantai^'es  of  this  apparatus  are  that  itH  parte 
are  not  rigid,  that  it  may  be  taken  apart  for  cleaning,  and  that  it  may 
be  made  with  greater  ease  and  fewer  resources  than  the  othtT  appa- 
ratus. It  ifl,  moreover,  capRble  of  very  general  application  itj  tho 
analyaia  of  gases.  Fig.  14  showM  the  ease  with  which  the  clo.^ed  limb 
of  the  U-tube  in  this  apparatus  may  be  chai'ged.  The  elt>se<l  limb  and 
the  iron  U  being  full  of  mercury,  and  the  apparatus  placed  in  an  iron 
pan  suited  to  catch  the  overflow  of  mercury » the  long  open  tithe  ia 
taken  away,  and  the  bent  gaa-delivery  tube  ia  inserted  beneath  the 
closed  limb  through  the  iron  U.  The  iron  U  acts  fdmply  like  the 
water-pan  or  pneumatic  trough.  When  the  required  amount  of  gas 
bafi  been  intToduced,  the  open  glass  tube  is  replaced,  and  the  level  of 
mercury  in  the  two  tubes  is  adjusted  at  will.  For  the  experiment 
now  under  consideration » it  is  well  to  employ  the  actual  mixture  ot 
gases  obtained  by  the  electrolyj»is  of  water;  and  Fig.  14  represents  a 
simple  bottle  provided  w^ith  two  platinum  plates  and  a  ^in^'K*  delivery- 
tube  for  this  purpose.  The  gas  evolved  is  dried  by  passing  over  an 
absK^rbent  called  chloride  of  calcium  in  a  **drj'ing- 
tube"  (Appendix,  §  15),  The  only  noticeable  feature  Fig.  15, 
in  this  apparatus  for  electrolysis  is  the  manner  in  which 
the  wires  from  the  battery  are  connected  with  the  pla-  _  , 
tinum  plates.  This  is  more  clearly  shown  in  Fig.  15.  T^\  :\ 
Th»re  passes  through  the  caoutchouc  stopper  a  short 
pi*ice  of  glass  tubings  open  at  the  top  and  drawn  to  a 
point  at  the  Iow*er  end^  so  as  to  enclose  and  hold  tightly 
ft  piece  of  platinum  wire,  as  large  as  a  common  knit- 
ting-utfedle,  previously  placed  within  it.  With  the  wire 
thus  welded  to  the  glass  is  coimected  a  thin  plate  of 
platinum,  which  hangs  in  the  liquid  to  be  decom- 
posed; this  plate  may  be  folded  or  rolled  up,  A  little 
mercury  is  poured  into  the  glass  tubes^  and  the  battery-wires  are 
simply  placed  in  the  mercury  when  the  operator  desires  to  start  the 
decompo^iitiDn. 

This  experiment  demonstrates  that  two  volumes  of  hydrogen 
and  ono  volume  of  oxygen  are  compacted,  when  chemically 
united,  into  two  volumes  of  steam. 

37*  We  have  thus  estfiblished  the  composition  of  water  hj 
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anahfit9,  haring^  througli  the  agency  of  the  electric  ciirreBt,  re- 
sokeU  water  into  two  gaseous  constituents,  hydrogen  and  oxygen, 
and  we  have  also  demonstrated,  by  the  convene  or  9yniheti4iai2 
metUod,  that  hydrogen  and  oxygen  are  its  only  constituent 
since  we  have  reproduced  water  by  effecting  the  chemical  anion 
of  these  two  elementary  materials  mixed  in  due  proportion* 

If  equal  volumes  of  hydrogen  and  oxygen  be  represented 
by  equal  squares^  having  the  initials  of  the  elements  inscribed 
therein,  the  composition  of  water  hy  volume,  and  the  condensa- 
tion which  occurs  when  the  chemical  union  of  the  elements  takes 
place,  may  be  thus  expressed  to  the  eye : 


H 


0 

= 

HjO 

I^ch  smallest  possible  or 
greatest  conceivahle  volume  of 
steam  wiH  invariably  yield,  on 
decomposition,  its  own  volume 
of  hydrogen,  and  half  its  vo- 
lume of  oxygen. 

38.  It  has  been  agreed  to  call  by  the  name  **  atom^*  the  smallest 
quantity  of  an  element  which  can  he  conceived  to  exist  in  com- 
bination ;  this  technical  term  is  applied  only  to  the  chemical 
elements,  and  to  certain  chemical  knots,  or  groups,  of  elements, 
which,  under  conditions  hereafter  to  be  studied,  play  the  part  of 
an  element. 

It  has  further  been  agreed  among  chemists  to  call  by  the 
name  *^ molecule"  the  least  quantity  of  a  compound,  or  of  an 
element,  which  can  exist  by  iteelf  uncomhined^  or  take  part  in 
any  chcmic4il  process;  a  unoltcuh  always  contains  more  than 
one  atom,  but  these  atoms  may  be  either  of  one,  two,  or  of 
several  kinds. 

39<  Physical  experiments  upon  the  expansion  and  contraction 
of  numerous  gases,  simple  and  compound,  have  proved  that  all 
gases  comport  themselves  in  sensibly  the  same  manner  under 
like  variations  of  temperature  and  pressure  ;  whence  it  has  been 
inferred  that  the  intimate  mechanical  structure  of  all  gases,  com- 
pound as  well  as  simple,  is  the  same.  This  theoretical  concep- 
tion is  expressed  in  the  following  propositions,  of  which  the 
■econd  is  the  more  general  and  includes  the  first : — 
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The  dsmtniarff  gaaes  contflin,  mider  like  conditiona  of  tem- 
perature and  prepare,  equal  numbers  of  atoms  in  equal  to* 
lumoa. 

Equal  roluraes  of  all  gases,  whether  simple  or  compound,  eon- 
tain  under  like  conditions,  the  same  number  of  molests. 

The  idea  of  an  atj>m  is  complete  and  independent  in  itself ;  the 
iea  of  a  molecule  is  partly  a  consequent  of  the  idea  of  an  atom, 
nd  partly  of  the  phytsical  facts  which  the  definition  helps  to 
bnnulate. 

These  definitions  and  hjrpotheses  have  found  acceptance,  partly 
on  the  strength  of  experimental  evidence,  partly  because  of  their 
adaptation  to  the  mathematical  mode  of  investigating  physical 
problems  which  border  on  the  domain  of  chemistry,  but  chiefly 
on  account  of  the  clearness  and  formal  consistency  which  they 
have  imparted  to  chemical  language  and  modes  of  thought. 
Chemical  symbolization  and  nomenclature  are  mainly  based  on 
the  above  doJinitiona  and  hypotheaea,  which  therefore  justly  de- 
mand the  student's  closest  attention.  Let  ujs  apply  tlinn  to  the 
chemical  compound,  water. 

40.  The  moletxde  of  water,  or  least  quantity  of  water  whuh  is 
conceived  to  exist  by  itself,  must  yield,  like  any  other  quantity 
when  resolved  into  its  elements,  twice  as  large  a  volume  of  hydro- 
gen as  of  oxygen.  In  accordauce  with  the  physical  hypothesis 
above  explained,  the  molecule  must  consequently  contain  twice 
as  many  atoms  of  hydrogen  as  of  oxygen.  The  bulk  and  weight 
of  the  molecule  and  atom  are  not  absolute  quantities,  ou  acoount 
of  their  as^imed  infinitesimal  character.  None  but  rehiive  facts 
can  be  known  touching  these  hypothetical  quantities,  which  are 
both  less  than  any  assignable  quantity,  although  one  must  be 
smaller  than  the  other.  Wo  shall  express  in  the  simplest  terms 
all  our  actual  knowledge  of  the  matter,  and  shall  at  the  same  time 
conform  to  oht  definitions,  in  saying  that  a  molecule  of  water 
contains  two  atoms  of  hydrogen  and  one  atom  of  oxygen.  The 
symbol  H/)  which  we  have  already  used  to  indicate  the  volume- 
tric composition  of  water  (§  37)  will  now  receive  an  added  mean- 
ing ;  the  H  will  represent  for  us  an  ai^tm  of  hydrogen,  and  tl^e  D 
an  atom  of  oxygen. 
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When  the  proportions  in  which  two  bodies  combine  by  volume, 
and  their  specific  gravities,  or  equal-volume  weights,  are  known, 
it  b  a  matter  of  easy  calculation  to  determine  the  proportions  ''n 
which  they  combine  by  weight.  The  specific  gravity  of  oxygen, 
or  its  density  compared  with  that  of  air,  has  already  been  given, 
namely,  1*  1056.  The  specific  gravity  of  hydrogen  likewise  referred 
to  air  as  the  term  of  comparison,  has  been  found  by  the  most  exact 
experiments  yet  made  to  be  0*06926.  Oxygen  is  therefore  16 
times  heavier  than  hydrogen.  If  hydrogen  be  made  the  standard 
of  specific  gravity  for  gases,  its  specific  gravity  will  be  denoted 
by  1,  and  that  of  oxygen  will  be  16.  Now  any  measure  of  dry 
steam  is,  as  we  haVe  seen,  resolvable  into  its  own  measure  of 
hydrogen  and  half  that  measure  of  oxygen  ;  the  weights  of  equal 
measures  of  hydrogen  and  oxygen  are  as  1  to  16 ;  but  there  is 
twice  as  much  hydrogen  as  oxygen  in  bulk,  therefore  the  weight 
of  the 'hydrogen  generated  from  any  quantity  of  water,  small  or 
great,  is  to  the  weight  of  the  oxygen  simultaneously  produced,  as 
2  to  16.  In  18  parts  by  weight  of  steam,  water,  or  ice,  there  are 
then  2  parts  by  weight  of  hydrogen  and  16  of  oxygen :  and  it 
matters  not  what  the  absolute  weight  of  these  parts  may  bo  ;  the 
proposition  is  as  true  of  kilogrammes  as  of  grammes,  of  the  milli- 
gramme as  of  the  millionth  of  the  milligramme  of  water,  in  either 
of  its  physical  states. 

Applying  these  facts  of  observation  to  our  abstract  definitions 
of  molecule  and  atom,  it  will  appear  that  the  molecule  of  water, 
the  least  proportional  weight  in  which  it  is  conceived  to  exist 
uncombined,  must  be  composed,  like  any  other  mass  of  water,  of 
2  parts  by  weight  of  hydrogen,  and  16  parts  by  weight  of  oxygen; 
but  in  conformity  with  our  definitions  and  hypotheses  we  conceive 
of  the  molecule  as  consisting  of  two  atoms  of  hydrogen  and  one 
of  oxygen ;  one  proportional  part  by  weight  of  hydrogen  is  then, 
in  chemical  language,  synonymous  with  one  atom  of  hydrogen,  and 
16  of  the  same  parts  by  weight  is  the  relative  quantity  of  the 
atom  of  oxygen.  As  for  volume,  so  for  weight,  absolute  quantities 
are  entirely  unattainable  ;  the  numbers  express  proportions  only. 
The«number8  1  and  16  are  called  the  atomic  weights  of  hydrogen 
and  oxygen  respectively ;  they  express' the  jproportions  by  weight 
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in  which  these  two  elements  enter  into  comhination.     If  these 
nnrabers  he  borne  in  mind,  the  symbol  of  wat<jr,  K.^0,  will  always 
remind  us  that  water  consists  of  1  part  by  wei£,4it  of  hydrogen* 
and  8  parts  of  oxygen. 

That  any  given  weight  of  water,  as  for  example  one  gramme, 
is  one-ninth  hydrogen  and  eight-ninths  oxygen,  is  a  fact  capable 
of  experimental  demonstration.     It  is  not  difficult  to  decomjioso 
a  convenient  weight  of  water,  and  to  actmilly  weigh  separately 
the  hydrogen  and  the  oxygen  which  ore  produced ;    the  weights 
of  the  two  gases  will  invariably  be  to  each  other  as  1  to  8  or  a«j 
2  to  16.    The  great  value  of  the  symbols  used  in  chemistry  raayl 
be  well  illustrated  by  the  amount  of  information  condensed  iutol 
the  concise  expression  H^O :    wo  learn  from  it  the  number  andi 
names  of  the  elements  entering  into  the  composition  of  water,  and 
the  ratios  in  which  the  elements  are  united  by  voltane  and  by 
weight, 

41,  This  discussion  of  the  constitution  of  water  rests  upon  two 
solid  facts  of  observation,  namely  the  composition  of  water  by 
volume  and  its  composition  by  weight ;  all  else  is  plausible  hypo- 
thesis and  convenient  theory.  The  strong  chemical  compound, 
water,  admirably  illustrates  the  essential  changes  which  the  ele- 
ments undergo,  when  they  are  joined  together  by  that  peculiar 
force  whose  pky  it  is  the  object  of  chemistry  to  study.  Nothing 
can  be  more  striking  than  the  contrast  between  the  properties  of 
hydrogen  and  oxygen  gases,  or  of  a  mechanical  mixture  of  these 
elements,  and  those  of  the  liquid  water  which  is  produced  by  their 
chemical  union ;  even  in  dry  steam,  a  prominent  property  of 
hydrogen  (inflammability)  and  a  marked  characteristic  of  oxygen 
(power  of  supporting  combustion)  entirely  disappear.  In  mecha- 
nical mixtures  the  constituents  may  be  mingled  in  any  propor- 
tions ;  in  chemical  compounds  the  elements  are  forcibly  united 
in  definite  volumetric  and  ponderal  proportions,  and  the  indivi- 
duality of  the  elements  is  lost  in  the  formation  of  a  new  sub- 
stance with  new  properties.  The  CnoiicAL  Force  is  a  peculiar 
power,  distinct  from,  though  akin  to,  the  forces  of  Light,  Heat, 
and  Electricity;  it  is  the  province  of  chemistry  to  investigate  the 
Condi tiona,  modes,  and  ef  ects  of  its  action. 
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Having  thus  Biicceeded  in  determinmg  the  couBtituenta  of 
air  and  water,  we  aro  naturaUy  led  to  inquire  whether  it  be  not 
possible  to  resolve  oxygen,  nitrogen^  and  hydrogen  themselves 
into  simpler  forms  of  matter.  To  thia  question  but  one  anawor 
can  be  made — the  result  of  the  accumulated  experience  of  many 
philosophers  of  thia  and  former  generationjj^ — namely,  that  oxygen^ 
nitrogen,  and  hyilrogen  are  incapable  of  decomposition  by  ajiy 
means  as  yet  at  our  disposui.  They  resist  the  most  powerful  influ- 
ences of  electricity  and  heat,  and  they  issue  unchanged  from  every 
variety  and  form  of  chemical  reaction  hitherto  devised  in  the 
hope  of  revolving  them  into  simpler  forms  of  matter.  We  are, 
therefore^  justified  in  regarding  these  gases  as  simph  hodies,  or 
flrmenU,  in  contradistinction  to  decomposable  hodies,  such  as  air 
and  water, 

43.  The  water  which  occurs  in  nature  is  never  absolutely  puro. 
In  the  form  of  iee,  and  as  it  falls  from  the  clouds  as  rain  or  anow, 
it  is,  indeed,  tolerably  free  from  foreign  substances ;  but  after 
having  once  soaked  into  the  ground,  it  becomes  charged  with  a 
variety  of  mineral  and  other  substances,  which,  being  soluble  in 
Wilier,  are  dii^sulved  by  it  as  it  trickles  through  the  earth. 

Where  the  proportion  of  soluble  matter  contained  in  the  water 
IS  unusually  large^  aad  particulaxly  if  it  possesses  marked  medi- 
cinal properties,  the  water  is  called  mineral  water,  and  the  springs 

k"om  which  it  issue.**  are  known  ns  mineral  springs.     Sea-water 

Bay  be  reg^tihlcMl  as  a  variety  of  mineral  water, 

44,  For  the  conduct  of  chemical  investigations  it  is  often  neees- 
sary  to  purify  natural  water.  This  is  done  by  a  process  called 
distillation.  As  a  general  rule  distilled  water  is  employed  in  all 
delicate  chemical  operations. 

J^fp,  10.^ — Into  a  rt?tort  of  500  c.  c,  capacity,  put  200  or  300  c.  c  of 
weU-WBter.  Thrust  the  neck  of  the  retort  into  a  half-litre  receiver 
pLured  in  a  pan  of  cold  water.  Cover  the  receiver  with  a  clothe  or  with 
cooree  paper,  and  upon  thi;»  pour  cold  water  from  time  to  time,  or  pile 
Upon  it  frngmeata  of  ice.  Place  the  retort  upon  wire  gauze,  on  a  ring 
fthe  irf*n  Ump-atand,  and  adjust  the  distance  of  the  retort  from  tha 
pp  afld«*cribed  ia  Exp,  ♦>,  Fig.  d.  Light  the  lamp  beneath  the  re- 
'ton,  and  bring  the  waiter  to  boiling.  As  fast  as  the  water  in  the  re- 
tort iB  conveited  into  ateam,  this  vapor  will  pass  over  into  the  oui 
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x«ceiTerf  and  will  tliei«  be  condensed  again  to  the  liquid  condition. 
Continue  to  boil  until  about  three-quartera  of  the  water  in  the  retort 
has  evaporated. 

The  earthy  and  saline  ingredients  of  well-water  are  for  the  most 
part  not  volatile;  very  few  of  them  are 
capable  of  accompanying  the  water  as  it 
goes  off  in  vapor ;  hence  the  greater  part  of 
the  original  impurity  of  the  waty  will  re- 
main behind  in  the  retort 

Besides  the  non*volatile  impurities,  there 
are  often  contained  in  well-water  certain 
volatile  substances,  such  as  ammoniacal  salts 
and  organic  matter,  which  pass  over  into 
the  receiver  with  the  aqueous  vapor ;  but 
Bince  it  has  been  found  that  most  of  thesiQ  ^ 
volatile  matters  go  over  with  the  first  por- 
tions of  the  steam  ^  it  is  only  necessary  to  throw  away  thitt  portion  of 
the  disUUate  which  is  tirst  condensed,  in  oi'der  to  obtain  thereafter 
water  of  a  high  degree  of  purity* 

This  experiment  must  not  only  be  ao  regtilated  that  the  retort  ahaU 
not  boil  oveTj  but  care  must  be  taken  that  vapor  alone  ahall  pass  ofL 
The  ebullition  should  be  so  moderate  that  none  of  the  pRrticles  of 
water  which  are  thrown  up  mechanically  from  the  surface  of  the  liquid 
can  be  projected  into  the  neck  of  the  retort,  or  carried  thither  by  the 
current  of  steam* 

45.  In  the  operation  ofdiatillaHontho  substance  to  be  distilled 
must  in  the  first  place  be  converted  into  the  condition  of  va]jar, 
this  vapor  must  next  be  transferred  to  another  vessel,  and  there, 
by  refrigeration,  be  again  condensed  to  the  liquid  state.  As  will 
appear  from  the  foregoing  experiment,  the  vaporization  is  effected 
in  the  rdort  or  stilly  and  the  refngeration  in  the  condenser.  La 
the  experiment  above  given  the  receiver  acts  at  once  as  receiver 
and  condenser ;  but  a  far  more  efficient  apparatus  can  be  con- 
structed by  interposing  a  long  tube  between  tlie  retort  and  the 
receiver.  This  tube  may  be  wrapped  with  clotha  upon  which 
bits  of  ice  are  laid,  or  water  is  poured ;  or  better,  the  tube  may 
be  encloaed  in  a  larger  tnbe^  or  a  metallic  pipe,  through  whieh  a 
cun*ont  of  cold  water  is  made  to  circulate.  The  water,  which 
may  be  iced  if  need  be,  is  poured  in  through  the  funnel  at  the 
lower  and  of  the  tube,  and  paaaes  out  at  the  top  (Fig,  17)-     Thia 
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exeeeSn^y  convenient  and  valuable  form  of  condenser  was  in- 
vented by  Weigel ;  it  is,  however,  commonly  called  Liebi^*s. 

£rp.  17. — Place  a  few  drops  of  the  distilled  water  obtained  in  the 
preceding  experiment  upon  a  piece  of  platinum  foil  (Appendix,  §  1*S). 
Ilold  the  foil  with  Iron  pincers  above  the  gas-ilame  in  auch  a  manner 
Ltbat  the  liquid  may  ftlowly 
l^vapoTate  without  boiling  or  ^* 

ptrtiug.  After  the  water  has 
appeared,  no  residue  wiH 
!  found  upon  the  foiL  Tiike 
at  of  the  retort  the  eame 
aumher  of  drops  of  water,  and 
evaporate  them  upon  the  foil 
before.  A  very  decided 
■idinr  of  farthy  matter  will 
» left  upon  the  foiL 

46.  In  thia  country,  where  ic«  can  be  had  in  abundance  at  all 
times,  it  may  often  be  employed  aa  a  cotivenient  substitute  for 
distilled  water*  In  freezing,  that  is,  in  cryst^illizing,  water  re- 
jects a  great  part  of  the  foreign  substances  w^hich  were  dissolved 
Sn  it.  Hence,  by  collecting  ice  and  re  melting  it,  there  caa  be 
obtained  water  which  is  nearly  pure* 

Rain-water,  also,  especially  that  which  has  been  collected  in 
be  open  country,  ia  often  pure  enough  to  be  used  for  chemical 
arpoeea. 

47.  But  even  after  all  the  mineral  and  all  the  organic  matters 
have  been  iieraoved,  the  water  ifi  not  yet  absolutely  pure.     It  atill 

outaina  oxygen  and  nitrogen  in  solution.  Both  of  these  gases 
soluble  in  water  to  a  certain  ejctent ;  and  since  the  water 
upon  the  suifac«  of  the  earth  ia  all  the  while  in  contact  with  air, 
it  must  necessarily  become  charged  w  ith  the  constituenta  of  the 
air*     A  method  of  collecting  these  gases  for  examination  will  be 

escribed  in  a  subsequent  chapter ;  we  are  here  more  particularly 

oncerned  with  their  removal.     This  may  be  effected  by  long- 

ontinued  boiling. 

.Erp.  18. — In  a  common  long-necked  medicine-phifll  of  thin  "  blown" 
aas,  and  of  the  capacity  of  sbout  haJf  a  litrp,  place  300  or  400  c,  c,  of 
i«cently  distilled  water.     Draw  out  tmd  bend  the  neck  of  the  phialf  aa 
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ghown  in  Fi;^,  18,  and  tie  upon  Its  point  a  short  piece  of  caoutclioac 
tubing.     Boil  the  wntet  steadily  during  half 
ftn  hour.     Final ly,  nip  the  open  end  of  the 
caoutchouc  tuhe,  at  the  same  inoment  remove 
the  lamp  from  beneath  the  iiask,  and  instantly 
seal  tho  neck  of  the  phial  My  directing  the 
flame  of  a  blowpipe  against  the  narrow  spot. 
Thi«  water  can  now  be  preserved  for  an  in- 
definite length  of  time,  without  undero;oiug 
chfluge.     Upon  inverting  tJie  phial^  the  water, 
which  has.  been  thus  thon:»oghly  freed  from 
air,  will  fall  about  as  if  it  were  a  solid  body,  ^■ 
and  will  strike  against  the  glaaa  with  a  sudden     ^^ 
^hoek.     The  appai-atus  is  in  fact  nothing  elae 
than  the  so-called  water-hammer  of  the  physicists. 

It  follows,  then,  that  whenever  absolutely  pure  water  is  needed 
for  chemical  investigations,  natural  water  must  first  be  distilled, 
with  the  precautions  above  indicated,  and  thia  distilled  water 
iDUJst  subsequently  be  thoroughly  boiled,  in  order  to  expel  the 
gaaes  which  it  holds  in  solution.  Water  so  purified,  though 
n^easary  for  chemical  purposes,  ia  unfit  to  support  the  life  of 
fishes  or  other  animala  which  breathe  in  water,  and  is  not  suitable 
for  drinking.  It  ia  not  only  insipid  and  unpalatable,  but  is  not 
refreshing  like  ordinaiy  water,  Even  if  only  a  part  of  the  diB*i 
solved  gases  have  been  removed,  as  is  the  case  with  water  whick* 
has  been  recently  distilled,  the  taste  of  the  water  is  still  flat,  and 
repugnant.  Hence,  on  board  vessels  where  fresh  water  is  pre- 
pared by  distiUing  sea-water,  the  distillate  should  be  left  for 
some  time  in  contact  with  air,  in  order  that  by  absorbing  the 
constituents  of  the  air  it  may  become  tit  for  drinking. 

48.  As  might  be  inferred  from  the  fore^ing,  water  has  the 
j>roperty  of  dissolving  many  substances,  solid,  liquid,  and  gaseous, 
Biigar,  for  example,  di^ssolves  readily  in  water ;  but  sand  is  in- 
soluble therein. 

A  substance  is  said  to  he  soluble  when  it  is  capable  of  being ' 
dindod  in,  and  dispersed  through  water  so  intimately  and  com- 
pletely that  its  particles  become  invisible,  and  can  no  longer  be 
separated  by  filtration*,  the  result  of  this  coaleacence,  or  the 
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mlutton  as  it  is  termed,  is  a  transparent  liquid,  as  a  general  rule 
Bcarci^ly  leds  mobile  than  the  water  itself. 

Of  tbe  Tarious  substances  soluble  iu  water,  some  dissolve  in 
far  large-r  proportion  than  others.  With  some  liquids  (as  alcohol, 
for  example)  water  can  be  mixed  in  any  proportion  ;  but  of  ether 
it  dissolves  but  little,  and  of  oil  none.  The  proportion  of  any 
aubdtance  that  can  be  dissolved  in  a  given  quantity  of  watnr  is 
usually  limited,  and  under  fixed  conditions  is  definite  and  peouliar 
far  eat^h  substance.     When  a  given  quantity  of  water  has  di»- 

^.•olved  n»  much  of  a  substance  us  it  is  capable  of  dissolving  at  tho 
temperature  and  pressure  to  which  it  happens  to  be  exposed,  the 
solation  is  said  to  be  saturated.     Generally  speaking,  solid  sab- 

[fiances  dissolve  in  for  larger  quantity  in  hot  than  in  cold  water* 

Ifliofugh  with  gases  and  some  exceptional  solids  the  contrary 
obtains.  Prom  the  saturated  hot  solution  of  any  saline  sub- 
stance, cr}*stals  are  usually  deposited  during  the  process  of  cool- 
ing. But  so  loug  as  a  solution  is  neither  exposed  to  vanations 
of  temperature,  nor  changed  by  the  addition  of  another  substance 
or  by  the  abstraction  of  either  of  its  parts,  it  will  usually  deposit 
nothing,  and  will  remain  unaltered  during  an  indefinite  period 
of  time. 

During  tJie  act  of  solution,  the  first  portions  of  the  solid  dissolve 

I  with  comparative  rapidity,  the  subsequent  portions  dissolving 
more  and  more  slowly,  until  complete  saturation  is  attuined.  In 
prepiixing  a  solution  of  any  solid,  at  the  ordinary  temperature  of 
the  air,  it  is  therefore  inadvisable  to  add  a  large  quantity  of  water 
all  at  once  J  a  much  more  satisfactory  result  will  usuiilly  be  ob-  > 
lained  if  the  substance  be  rubbed  in  a  mortar  with  repcalecl 
email  portions  of  water,  the  several  portions  of  the  solution  being  , 
poured  off  into  a  common  receptacle  as  fast  as  the  water  becomes  | 

^  nearly  saturated. 

Thenj  are  many  other  liquids  besides  water  which  are  com- 
monly used  as  solvents ;  but  as  water  is  the  commonest  solvent  of 

I  all^  and  the  most  universally  applicable,  some  of  the  general  priii- 

t  djilt^  of  solution  may  here  be  appropriately  set  forth. 

4ih  Solution,  though  in  many  cases  closely  allied  to  chemical 
action,  is  usually  treated  of  as  a  distinct  process.  Prom  the  beet- 
marked  chemical  action  it  difiers  in  several  particulars.     In  trua 
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chemical  combination  the  union  of  the  several  ing^redient^  is  so 
close  and  intiojate,  that  their  properties  are  merged  und  lust  in 
those  of  the  compound:  whil«  in  the  solvents  proper,  such  as 
water,  alcohol^  and  benzine,  the  particles  of  the  dissolved  matter 
appear  to  be  mereh'  mechanically  divided  and  diffused  thiOU^h 
the  liquid*  The  chemical  propertie-s  of  the  dissolved  matter 
nndergo  no  essential  change  during  the  act  of  solution,  but  re- 
main unimpaired.  When  common  salt  is  dissolved  in  water,  the 
brine  retains  the  peculiar  taste  of  the  salt,  and  behaves  like  salt 
itself  towards  most  chemical  agents ;  moriK>ver  the  salt  can'" 
readily  be  recovered  unchanged  by  evaporating  the  water.  But 
it  a  piece  of  chalk  be  placed  in  muriatic  acid»  chemical  decom- 
position and  combinatinn  will  immethately  occur,  the  fii'St  sig- 
nalized by  a  violent  effervescence,  the  second  resulting  in  the 
formation  of  a  liquid  which  contains  neither  chalk  nor  muriatic 
iicid,  if  the  materials  have  been  mixed  in  due  proportion,  but 
which  yields,  on  evaporation,  a  solid  chemical  corapoundj  con- 
taining one  of  the  constituents  of  each. 

Chemical  combination,  as  usually  defined,  occurs  in  fixed  pro*  j 
portions  only,  whereas  solution  takes  place  in  indefinite  propor- 
tions ;  not  only  may  many  substances,  as  alcohol  and  glycerine, 
be  mixed  with  w^atcr  in  every  proportion,  but  where  tho  solubility  i 
of  a  substance  is  limited  in  one  direction,  as  that  of  common 
aalt,  of  which  only  about  0*355  part  ia  dissolved  by  one  part  of 
water  at  15**,  the  substance  can  nevertheless  be  dissolved  in  every 
possible  proportion  below  this  maximum.  Chemical  a<?tion  is 
most  marked  between  substances  of  unbkc  character;  but  with 
solution  the  rule  is  different.  In  general,  solution  occurs  most 
readily  when  the  solvent  is  not  far  removed  in  composition  and 
properties  horn  the  body  dissolved. 

Extreme  cases  of  cheniicnl  action  upon  the  one  hand  and  of 
solution  on  the  other,  are  readily  dititiuguishable.  But  there  is 
a  wide  range  between  these  extR»mes,  and  it  is  well  nigh  impos- 
sible to  find  a  point  at  which  the  lino  of  demarcation  shall  be 
drawn.  Many  cases  which  at  first  sight  tM?em  to  be  examples  of  J 
simple  solution  can  readily  be  shown  to  depend  in  part  upon  I 
ohemlcal  force. 

The  majority  of  chemists  are  now  inclined  to  regard  most 
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instftnces  of  eolution  as  feeble  exbibitioiia  of  the  oliemical  forei}, 

or  at  all  events  as  intcrmediut©  between  purely  chemical  and 
merely  mechanical  action-  Solution  facilitatea  chemical  action 
between  heterogeneous  materiahj^  both  by  overcoming  the  foroo 
'  cohesion  by  which  the  particles  of  homogeneous  soU<1b  arc  held 
ogether,  and  also  by  bringiiig  the  particles  of  the  unlike  bodies 
into  intimate  contact  with  one  another  through  the  vehicle  of 
the  common  solvent,  Cohosion  resbts  chemical  action  as  it  dooa 
gravity  ;  but  solution  overoomea  cohesion,  frees  the  particles  from 
be  bonds  which  held  them^  and,  a^  we  may  imagine,  leaves  them 
I  to  enter  into  other  combinations. 
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60,  The  commonest  method  of  preparing  hydrogen  is  by  treating 
line  or  iron  with  dilute  sulphuric  or  muriatic  acid.  Unless  very 
largo  quantities  of  the  gas  are  needed,  this  method  is  cheaper  and 
more  convenient  than  either  of  those  heretofore  mentioned. 

Eip.  19.— To  a  bottle  18  or  20  cm.  hi^h,  and  of  500  or  000  e,  c, 
apttirity,  the  mouth  of  which  haa  an  intttroal  diameter  of  2  5  to  3  cm., 
|t  a  caoutchouc   gt^^pper  or  » 


ound  cork,  furnished  with  a 
liiAtle^tuhe  (Fig.  10)  and  a  gas 
8i?U very-tube,  of  No.  6  glasa. 
Within  the  bottle  put  15  or  20 
grms.  of  gtiinulated  zinc^  or  small 
scraps  of  the  sheet  meta)^  and  a^ 
much  wiiier  as  will  cover  the  zinc 
and  close  the  end  of  the  thistle- 
*i  '  Replace  the  cork  in  the 
rilM,  taking  care  to  prvss  it  in 
l^hUy,  and  gnidually  pour  iu 
ommon  muriatic  acid  tlirough 
the   thialle-tub&     The  thiatle- 
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tube  mnat  reach  nearly  to  the  bottom  of  the  bottle,  so  that  it3  point 
may  dip  beneath  th«  water ;  and  the  nitiriatie  acid  must  be  added  by 
dmfill  succesi^ive  portions^  not  more  than  a  large  thimblefal  at  n  time. 

Oil  the  addition  of  the  iirst  purtiona  of  the  acid,  chemiral  action 
■will  ensue,  the  cootents  of  the  bottle  will  become  warm,  and  gaa  will 
be  seen  to  escape  from  the  liq^uid.     This  ga^*  h  hydrogf  n. 

After  all  the  air  has  been  expelled  from  the  battle  the  hydrogen  may 
be  collected  over  the  water-pan,  in  inverted  bottler  filled  with  water* 
or  it  may  be  passed  into  a  gas-holder  (Appendix,  511).  The  rapidity 
with  which  the  gaa  shall  be  evolved  is  ertsily  controlled  by  re^^^ulating^ 
the  supply  of  acid  ;  and  the  moment  at  whieh  the  bydrogfen  ceases  to 
be  contaminated  with  air  can  be  det-erminetl  by  collectin^j:  small  por- 
tions of  t  he  esea]«ing  gvi%  in  wide-motithed  butUea  of  about  "jO  c,  c 
capacity,  and  to.^ting  itjj  quality  by  means  of  a  li^rhted  match,  In 
doing-  this  the  i?mall  bottle  filled  with  gaf«  mu.^t  not  he  turned  over, but 
Bhonld  be  oarffully  liftrd  from  the  water  without  ehaniring  its  vertical 
poflitiout  and  the  lighted  match  should  then  be  applied  to  the  mouth 
of  the  bottle.  If  the  hydrogen  be  jmre,  it  will  hum  tranquilly  at  tho 
mouth  of  and  within  the  bottle;  but  in  caae  the  j^ris  i;*  still  mixed 
with  much  air,  a  feharp  exphi^ioa  will  oc<Nir  at  the  moment  when  the 
match  is  applied  to  it  In  order  to  avoid  these  explosions,  which 
would  be  exfeedingly  dangerous  if  the  volume  of  mixed  gaset*  were 
liLTge^  it  IB  indi'^pensably  np ceasary,  in  preparing  hydrogen,  to  take  car** 
that  none  of  the  ga»  shall  be  admitted  into  the  gna-holder  until  all  the 
atmospheric  air  has  been  expelled  from  the  bottle  in  which  thB  gBa  i 
generated.  So,  too,  in  experimenting  with  hydrogen,  no  light  «^hotild" 
ever  be  brought  into  contact  with  the  contents  of  the  bottle  into  which  it 
10  generated,  or  with  any  large  quantity  of  the  gm^  until  the  purity  of 
llie  earn  pie,  or  rather  vta  non-exploaive  character,  haa  been  demon- 
itrated  by  applying  to  a  very  Bmoll  volume  of  the  gas  die  test  above 
described. 

This  experiment,  which  has  here  been  executed  with  zinc,  can  be 

equally  well  performed  with  iron-iilinga,  and  with  aeveral  other  of  the 

,  lefls  common  metak. 

Muriatic  acid,  or,  in  cbemical  nomenclatare,  chlorhydrio  acidr] 
is  a  compound  of  hydrogen  and  another  element,  called  chlorine,  1 
which  will  shortly  be  described.  The  chemical  composition  of 
thii  substance  can  bo  represented  by  the  symbol  H  CI,  in  which 
H  represents,  as  beforo,  the  least  proportiomil  weight  of  hydro* 
gen  which  oxi.'^ta  in  combination,  and  CI  the  least  proportional 
"Wtiight  of  uMorino.     We  may  likewise  abbreviate  the  word  zinc 
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to  tbe  symbol  Zn ;  and  the  chemical  process,  or  reaetion^  by 
which  the  hydrogen  is  liberated  may  then  be  symbolized  by  the 
equation 

:2Iia+Zn=ZnCi^+2K 

Since  hydrogen  is  a  gasj  it  escapes  as  such,  and  there  remains 
diBdulved  in  the  water  within  the  bottle  a  compound  of  the  ele- 

aUi  chlorine  and  zinc,  called  chloride  of  5:inc  (Zn  CI,).  The 
'liiic  which  was  free,  enters  into  combination,  and  the  hyilrogeu 
which  was  in  combination,  is  set  free ;  in  other  words,  the  zinc 
has  been  substituted  for,  or  has  replac€d,  the  hydrogen.  It  may 
here  be  stated  that  chemists  of  all  nations  have  agreed  to  repre- 
sent each  of  the  elements  by  a  symbol,  which  consists  either  of 
the  initial  letter  of  the  Latin  name  of  the  element,  or,  when  the 
nAjnes  of  two  or  more  elemetits  begin  w*ith  the  same  letter,  of 
the  initial  letter  together  with  the  first  of  the  siiceeeding  letters 

the  Latin  name  which  is  distinctive,     Thos  Fe  {Fvrnim)  is  the 

abol  of  iron,  W  ( WolfrQmium)  of  tungsten,  C  of  carbon,  Ca  of 
'calcium,  Cd  of  cadmium,  01  of  f^hiorine,  and  Cr  of  chromium. 

oL  Hydi'ogen  is  a  transparent,  colorless,  and  tasteless  gas, 
odorless  when  pure.  It  is  not  poisonous,  though  animals  die 
from  suiTocation  when  immersed  in  it,  as  they  do  in  an  atmasphere 
of  nitrogen.  It  has  never  been  condenned  to  a  liquid.  It  is  the 
lightest  substance  known,  being  about  14^  times  as  light  as  air. 
If  1  volume  of  air  weighs  I  gramme,  an  equal  volume  of  hydrogen 
will  weigh  only  00093  grm.     It  is  11,160  times  as  light  as 

atcr,  151,700  times  as  light  as  quicksilver,  and  236,000  times 

light  as  platinum.  1  Litre  of  hydrogen  at  0°,  and  a  pressure 
of  76  cm.  mercur}%  weighs  0089578  gnn.  Hydrogen  is  the 
mo-nt  suitable  standard  of  specific  gravity  for  gases,  as  water  is  for 
liquids  and  solids  ;    when  thus  used  as  the  standard,  its  specific 

avity  is,  of  course,  unity.  The  student  shoidd,  however,  bo  in- 
bmxcd  that  air  is  used  by  many  writers  as  the  standard  of  specific 
gmvity  for  gases. 

52.  The  ejcceeding  lightness  of  hydrogen  can  be  illustrated  in 
various  ways.  From  an  inverted  bottle,  even  though  it  be  open 
Mow,  hydrogen  will  escape  but  slowly;  but  if  a  bottle  of  hy- 
.  be  opened  in  the  air,  with  the  mouth  upward,  the  gas  wHl 


42 


zmwnmss  ot  HTDROomr. 


quicMy  escape.     Hence  it  can  readily  he  poured  or  decanted  up- 
wards from  one  vessel  to  another. 

^Ej^.  20. — Lift  from  the  water-pan  a  tliick,  strong,  wide-mouthed 
bottle,  of  200  to  300  c.  c.  capacity,  full  of  hydrogen,  takin;^  care  to 
hold  It  in  a  perpendicular  position,  with  the  mouth  downward*  With 
the  other  hand  place  another  bottle  of  equal  size  and  strength,  but 
containing  only  air,  Ix side  the  hydro^n-boitle,  so  that  the  moutha  of 
the  bottles  shall  touch  at  one  end.  GradLiallj  liim  down  the  hydro- 
gen bottle,  and  at  the  eame  time  push  its  mouth  beneath  that  of  the 
air-bt>ttle  in  such  manner  that  the  bottle  whith  ori^nally  contained 
the  hydrogen  shall  at  last  8tand  upright  beneath  the  inverted  bottle. 
During  this  operation,  the  lijjrhter  hydrogen  flcjws  itp  into  the  upper 
bottle,  while  the  heavier  air  ainks  into  the  lower.  If  a  burning  match 
be  now  thruBt  into  the  upper  bottle,  the  hydrogen  within  it  will  take 
fin? ;  but  upon  applying  the  match  to  the  lower  bottle,  originally  full 
of  hydrogen,  there  will  he  found  in  it  nothing  but  air. 

In  like  manner,  b ydrogen  may  be  collected  by  displacement — an  up- 
right delivery -tube  oeing  carried  from  the  bottle  in  which  the  ga»  ia 
generatt^d,  to  the  top  of  an  inverted  recipient.  The  student  will  do 
well  to  remember  aa  a  genera!  rule,  that  in  manipulating  with  hydro- 
gen we  must  operate  in  a  manner  precisely  opposite  to  that  which 
would  be  adopted  if  we  were  at  work  with  water.  Where  water  Trotild 
flow  down,  hjdrogen  will  flow  up, 

Owing  to  its  lightness,  hydrogen  is  well  adapted  for  filling 
balloons ;  and  it  is  still  sometimes  emplnyed  for  this  purpose  in 
military  operations,  being  prepared  by  means  of  hot  iron,  as  in 
Exp,  15.  Por  purposes  of  illustration,  soap-bubbles  filled  with 
hydrogen  will  serve  as  weU  as  balloons  of  more  costly  constmc- 
tion. 

Exp.  2L — By  means  of  a  caoutchouc  tube,  attach  an  ordinary  to- 
bacco pipe  to  a  gaa-h older  containing  hydrogen.  (See  Appendix  §  11, 
Fig.  xvii.)  Dip  the  pipe  in  a  solution  of  sofip  for  a  monjent,  then  turn 
it  mouth  uppermo.^^t,  and  slowly  open  the  stopcock  of  the  gas-holder  so 
that  hydrogen  may  tlow  out  and  inflate  thw  lilni  of  water  upim  the 
mouth  of  the  l>ip+'»  The  bubble  will  soon  brenk  away  from  the  pipe 
and  rise  rapidly  through  the  air.  If  a  buminLj  match  he  applied  to 
the  bubble  the  hydrogen  within  it  wiU,  of  course,  burst  into  flame* 

53.  There  is  another  noticeable  peculiarity  of  hydrogen  which 
IB  directly  connected  with  its  extreme  lightness*     It  possesses  in  a 
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Mgh  degree  the  power  of  difilrisioii*     This  dilTusiTe  power  is  a 
physical  property  common  te  all  gases  and  vapors ;  in  the 
case  of  lijdrogen  it  is  only  the  intensity  of  the  diffasive 
power  which  is  remarkable. 

When  different  gases,  which  have  no  chemical  action 
upon  each  other,  are  hrought  into  contact,  they  will  not 
remain  separate,  hut  will  commingle.  This  tendency  of 
the  gases  to  iuterminglo  is  so  strong  that  it  will  not  only 
ovorc*ime  the  greatest  differences  of  specific  gravity,  but 
even  cause  the  spread  of  gases  directly  against  powerful 
current*  of  air  or  vapor.  If  a  bottle  of  oxygen,  standing 
upright,  be  conncct-ed  with  an  inverted  bottle  full  of  hy- 
dr*Ag'-*n,  by  means  of  a  tube  a  metre  in  length,  and  no  more 
than  8  or  10  ra,m,  in  diameter,  both  the  bottles  will  be 
found  to  be  fiUed  with  a  uniform  mixture  of  the  two  gases 
after  tlio  kpsu  of  a  very  few  hours*  Upon  now  touching 
a  lighted  match  to  the  open  mouth  of  either  bottle,  the 
gaseous  miJtturo  will  explode*  As  a  precautionary  measure 
it^is  beat  in  this  experiment  to  employ  the  thick,  strong 
bottles  in  which  soda-water  is  kept — or,  in  lack  of  these,  strong 
ide-mouthcd  bottles  enveloped  in  thick  towels. 

The  velocities  with  which  gtises  diffuse  are  in  the  inverse  ratio 
of  the  square  roots  of  their  specific  gravities.  Hence  it  happens 
that  hydrogen  being  thd  most  attenuated  of  oD  gases,  diffuses  with 
the  grei»tfj*t  rapidity*  Compared  mth  that  of  oxygen,  its  rate 
of  diifti&ion  is  as  4  to  1  ;  that  is  to  say,  the  relative 
rates  of  diffusion  of  the  two  gases  are  inversely  as 
the  square  rootd  of  the  numbers  1  and  16,  which 
rr .  '       pecifio  gravities  of  hydrogen  and  oxy- 

JSr}!!.  22, — A  gifts*  tube,  3  or  4  cm,  in  diametert  and  30 
r40cLm.  long,  is  closed  at  ono  end  with  a  plug  of  plaster 
^  Paris  1  Of  2  c.dl  thick.  The  tube  b  then  aet  aaide  for 
a  day  or  two,  in  ordKr  that  tlie  plaster  may  become  dry, 
WhfiD  the  plti^  is  dry,  fiU  the  tube  with  hydrogen  by 
di^^pliie^^ment,  and  set  it  upright  in  a  glass  of  water*  Water  .--ip-v 
will  ri*^  nipitlly  in  the  tube,  !»ince  hydrogen  escapes  ^^<=^=*^ 
through  tlie  plaster  more  rapidly  than  air  can  enter  the  tube  through 
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this  poroitR  plug.  That  aome  air  does  enter,  however,  can  be  sbawii 
by  exploding  the  contents  of  the  tube.bj  applying  &  lighted  matchi 
ttfttiT  the  lapse  of  sfune  time.  Of  course,  if  the  tube  be  left  to  itself,  air 
will  slowly  enter  tbroug^h  the  plaster,  so  that  the  water  within  the 
tube  will  in  due  time  sink  to  the  level  of  the  outside  liquid. 

On  account  of  its  high  diffusive  power,  hydrogen  can  bo  kept 
only  in  perfectly  tight  Tessels.  It  has  been  found  that  it  will 
le4ik  rapidly  under  a  pressure  of  27  or  28  atmospheres  through 
atopcocks  that  are  perfectly  tight  for  nitrogen  at  a  pressure  of 
even  50  or  60  atmospheres ;  -from  the  same  cause  it  cannot  be 
kept  for  any  length  of  time  in  bladders  or  rubber  bags»  If  a 
sheet  of  paper  be  held  a  short  distance  in  front  of  the  opening  of 
a  gae-holder  from  which  hydrogen  is  escaping,  the  current  of  gas 
will  pass  directly  through  the  paper,  and  can  be  in  darned  upon  the 
other  side  of  the  sheet.  The  high  diflusivo  power  of  hydrogen, 
which  is  to  some  extent  shared  by  its  compounds  also,  is  an 
obstacle  to  be  overcome  before  ballooning  can  be  made  pnicticable» 

Sound  is  propagated  in  hydrogen  but  little  better  than  in  a 
vacuum.  The  spocilic  heat  of  hydrogen  is  3*4046,  that  of  tfn 
equal  weight  of  water  being  1000 ;  it  is  0*2356,  that  of  an 
equal  volume  of  air  being  0-2377.  It  refracts  light  very  power- 
fully. 

64.  Hydrogen  is  exceedingly^  inflammable,  as  has  been  already 
seen ;  that  is  to  say,  the  temperature  at  which  it  takes  fire  ia 
comparatively  low.  But,  as  a  matter  of  course,  it  extinguishes 
any  burning  body  which  ia  immersed  in  it,  since  oxygen  is  neces- 
sary for  the  support  of  combustion, 

JErp,  Sa—Carefiilly  lift  from  the  water-pan  a  bottle  of  300  or  300 
c.  e.  capiirity,  eompk'tfdy  full  of  hydrf»gen,  slowly  carry  the  bottle,  the 
mouth  of  which  is  of  course  held  downward,  to  a  bumit}g  candle  or 
splinter  of  wood,  and  depress  the  bottle  over  this  lijune.  The  bydro- 
geu  will  take  tiro  and  burnt  below,  at  the  mouth  of  the  bottle  where  it 
ia  in  contact  with  the  oxygen  of  the  atmosphere ;  but  the  tlame  of  the 
candle  wiU  be  extinguished  the,  moment  it  becomes  completely  en- 
veloped by  the  hydrogen.  The  candle  can  eitsUy  be  relit  by  slowly 
lifting  the  bottle  until  the  wick  is  brought  into  contact  with  the  air 
and  the  buniing  hydrogen. 

ii'fp.  24,— Fill  a  bottle  of  the  capacity  of  400  or  600  c.  c.  with  by- 
drogen,  close  the  mouth  with  a  cork  or  a  pkte  of  glass,  stand  the  bottle 
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upon  the  table  with  the  month  upward,  remove  the  stopper*  in  flame 
the  hydrogen^  and  immediately  pour  out  of  a  pitcher  into  the  bottle  a 
lar^  quantity  of  water.  The  fiame  will  iustADtly  be  increased,  sinco 
the  WHtitT  will  force  the  gaa  out  of  the  bottle  into  the  air*  Within  the 
bottle  the  hydrogen  can  only  bum  gradually,  since  it  takes  time  for  the 
outfiidi*  ail  to  enter;  but  if  the  gas  be  pushed  out  of  the  bottle  into 
the  air^  it  will  bum  at  once. 

In  the  familiAr  instances  where  water  extinginshes  6re,  it  does  bo  by 
reducing  the  temprature  of  the  combustible — that  is  to  say,  by  cooling 
it  to  l>e)ow  the  temperature  at  which  it  will  take  fire.  It  would  act 
kuB  in  this  caae«  were  it  not  for  the  lightne^  and  mobility  of  tht) 
hydrogen^  by  virtue  of  which  thia  gas  immediately  escapes  from  con* 
tact  with  the  water. 

55.  It  has  been  seen  that  the  hydrof^n- flame  affords  only  an 
exceedingly  feeble  light ;  but  it  would  be  a  grave  error  to  infer 
that  but  little  heat  is  developed  by  the  combustion. 

The  temperature  of  the  bydi'ogcn* flame  is  in  rcalitj^  very 
high.  Indetd  it  haa  been  found  that  when  a  given  weight  of 
hydrxigen  entere  into  chemical  union  with  oxygen,  more  heat  ia 
developed  than  in  the  burning  of  the  same  weight  of  any  other 
substance. 

In  order  to  determine  the  amount  of  heat  which  h  developed 
in  any  act  of  combination,  this  heat  can  be  transferred  to  water, 
and  there  estimated  either  by  the  quantity  of  water  heated,  or 
the  amount  of  steam  produced.  A  wiit  of  hsui  is  that  amount 
oi  heat  which  will  raise  1  gramme  of  water  from  0°  centigrade 
tol^. 

The  amount  of  heat  evolved  during  the  combustion  of  a  body 
Is  118  oonatant  and  unvarying  as  any  other  direct  consequent  of 
its  properties,  and  the  quantity  of  heat  evolved  is  absolutely  the 
iamt%  no  matter  whether  the  combustion  occurs  in  air  or  pure 
oxygen,  or  whether  it  be  slow  or  rapid.  The  actual  amount  of 
heat  developed  during  the  most  vivid  combustion  la  no  greater 
ihjin  when  the  same  combustible  combines  with  oxygen^  by  gra* 
dual  oxidation,  without  visibly  burning.  From  1  gramme  of 
hydrogen^  as  it  unites  with  oxygen,  there  are  evolved  34462  units 
of  heat. 

Although  the  same  amount  of  heat  ia  developed,  in  the  nggre- 
jat«,  when  a  litr«  of  hydrogen  bums  in  the  air,  as  when  it  bums 
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in  pure  oxygen,  it  is  none  the  less  true  tbat  a  far  hotter  flame 
is  obtained  by  burning  the  hydro;j:en  in  oxjgen  than  in  air.  If 
the  combuetion  be  complicated  by  the  presence  of  nitrogen  from 
the  air>  a  great  deal  of  heat  will  expand  Its  energy  in  expanding 
this  useless  nitrogen*    Moreover,  since  the  nitrogen  occupies  much 

pXoom,  it  will,  as  it  were»  keep  asunder  the  particles  of  hydrogen 
and  oxygen  ;  the  flame  will  thus  bo  made  longer  and  more  dis* 
peraed,  or,  in  other  words,  the  heat  evolved  by  the  union  of  the 
hydrogen  and  oxygen  will  he  spread  over  more  space  than  if  the 
nitrogen  wore  absent-     Where  nothing  but  hydrogen  and  oxygen 

[  are  present,  and  in  the  precise  proportions  in  which  these  gases 
nnite  to  form  water,  the  flame  produced  by  their  union  will  be  to 
all  intents  and  purposes  solid,  and  the  heat  will  be  concentrated 
in  the  smallest  possible  space. 

Krp.  26. — Provide  two  gas-holdew  (see  Appendix^  $  11),  one  full 
of  hydrogen,  the  other  full  of  oxygen,  also  a  mctjillic  jet  so  constructed 
that  the  tube  which  carries  the  oxygen  shall  pass  through  the 
centre  of  the  hydrogen  tube  art  shown  in  Fig.  22.  t^crew  the  jet  on 
to  the  oxygen  gaa-h older,  and  connect  the  other  opening  with  the 
hydrogen  gas-holder  by  means  of  a  caoutchouc  tube.  Open  the  cock  , 
of  the  hydrogen  gas-holder,  and  Inflame  the  gaa  at  the  point  of  the  jet, 
then  slowly  open  the  cock  of  the  oxygen  gaa-holder  until  the  flame  of 
the  burning  hydrogen  has  been  reduced  to  a  fine  pencil  This  appa- 
ratus is  known  as  the  compuund,  or  oxy-hydrogeo  blowpipe.  In  order 
to  insiure  a  steady  flame,  care  must  be  taken  that  a  constant  and  suffi- 
cient pressure  be  maintained  upon  the  contents  of  the  gas-holdera* 
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0. — In  the  flame  of  the  oxy-hydrogen  blowpipe,  described  in 
the  foregoing  paragmph,  hold  the  end  of  a  piece  of  platinum  wire> 
about  10  cm.  long  and  less  than  one  m.m.  in  diameter.      The  pktinum 
^will  nit' It  and  tall  down  in  drops. 

The  intense  heal  of  the  oxy^hydrogen  flame  is  thus  admirably  iUus- 
il2At«d^  for  platinum  is  an  exceedingly  infusible  metal,  which  can 
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scaicely  be  softened  in  tbe  hottest  {urnftce.    The  drops  of  platinum 
lould  be  caught  upon  sand,  or  in  water.    In  ca£e  the  melted  platinum 
^ftlla  into  water,  a  portion  of  the  water  will  be  decomposed  into  hydro- 
gen and  oxypen,  bubblea  of  which  will  be  «een  issuing  from  the  water 
Some  of  this  gas  can  easily  be  collected,  by  an  ajsaiatant^  in  an  inverted 
Ignitioo-ttibe  filled  with  water,  and  ita  exploaiye  character  demon- 
ted  by  applying  a  lighted  match. 
Mrp,  27. — If  a  piece  of  chalk  or  lime,  scraped  to  a  fine  point,  be  held 
m  the  flame  of  the  oxy-hydrogen  blowpipe,  it  will  quickly  become 
white-hot  and  evolve  li;rht  of  great  bnlliaiicy,  almost  compttrnble  with 
that  of  the  sun.   If  the  bit  of  litne  be  long  exposed  to  the  intense  heat, 
it  will  undergo  incipient  fuaion^  and  atford  leas  light  than  at  first 

Where  a  constant  light  is  desired,  cylinders  or  platea  of  chalk  ore 
Irept  continually  moving  before  the  flame  by  mechanical  power,  »o  that 
freah  portions  shall  continually  be  brought  into  the  flame.  This  ia  the 
so-called  Drunmmnd  or  Calcium  light^  often  employed  for  night  aignala 
and  optical  experiments. 

66,  No  mattar  in  what  way  hydrogen  is  burned,  whether  in 
the  pure  state  or  in  combination  with  other  materials,  whether  in 
pure  oxygen  or  in  the  air,  the  product  of  the  combustion  is  always 
water.  At  the  high  temperature  of  the  iiame,  this  water  must  of 
course  remain  in  the  condition  of  a  gas,  but  it  can  readily  be 
brought  to  the  liquid  state  by  reducing  the  temperature. 

£jjt.  28.— Over  a  jot  of  burning  hydrogen,  beet  obtained  from  a 
giLd-holdeTf  hold  a  dry,  cold  bottle.  The  glasa  soon  becomes  covered 
with  a  film  of  deWy  aa  the  water  generated  by  the  union  of  hydrogen 
and  oxygen  condensea  in  droplets  upon  the  cold  eidea  of  the  bottle, 

57.  As  the  burning  jet  of  hydrogen  is  the  aimplesit  instance  of 
buation  with  flame,  some  exact  knowledge  of  the  form  and 
quality  of  flames  may  here  be  gained. 

Ah  hydrogen,  or  any  other  gaa,  issues  from  a  small  orifice  into 

e  air  by  force  of  pressure  from  behind,  the  escaping  gaa 
ii»ume9  a  certain  definite  shape  in  accordance  with  the  physical 
€<inditions  to  which  it  is  exposed*  just  as  a  fountain  of  water 
takes  form  in  accordance  with  the  size  and  shape  of  the  orifice 
from  which  the  water  is  expelled,  the  pressure  by  which  it  is  ex- 
pelled, the  grarity  of  the  water,  the  resistance  of  the  air,  and  the 
Jkiroe  and  direction  of  the  wind,  and  so  forth. 

If  a  lighted  match  be  brought  into  contact  with  the  column  or 
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fanntain  of  gas,  the  gas  will  take  fire  and  bum  ;  that  is  to  say» 
the  hydrogen  will  enter  into  combinntion  vith  oxygen  as  fast  aa 
the  latter  can  be  furnished  from  the  air.  But,  in  any  event,  the 
column  of  gas  will  burn  only  upon  the  outside,  for  there  alone 
can  the  oxygen  of  the  air  come  into  contact  with  the  hydrogen » 
Neither  the  interior  of  the  flame  nor  the  contents  of  the  reservoir 
from  which  the  gas  is  flowing  can  burn ;  for  they  consist  of  pure 
hydjogen^  which,  as  has  been  shown  in  Exp,  23,  wiE  by  itself 
immediately  extinguish  combustion. 

All  ordinary  gfis-flames  are,  of  necessity,  hollow.  They  are 
visible  to  us  through  the  evolution  of  light  which  is  an  accom- 
paniment of  the  chemical  action.  But  even  if  no  combustion 
were  going  on  upon  its  surface,  the  escaping  column  of  gas  could 
still  be  made  visible  by  causing  it  to  pass  through  a  quantity  of 
dust  or  other  fine  powder  before  coming  into  the  air.  A  portion 
of  the  soUd  matter  would  be  transported  by  the  current  of  gaa, 
and  the  form  assumed  by  the  latter  would  he  made  manifest 

The  shape  of  the  unignited  gas-column  would  of  coui-se  be 
somewhat  different  from  that  of  the  burning  flame ;  in  the  latter, 
not  only  is  the  outer  edge  of  the  column  sharply  defined  by  the 
aone  of  combustion,  but  the  actual  form  of  the  column  itself  is 
modified  through  the  expansion  of  the  gas  as  it  becomea  heated  by 
the  enveloping  fire, 

bS.  If,  instead  of  burning  pure  hydrogen  a«  it  flows  into  tha 
air,  as  in  the  foregoing  experiments,  the  gas  be  first  mixed  with 
air  or  oxygen  and  then  ignited,  a  very  dilfcrent  result  will  bo 
obtained.  The  hydrogen  being  now  in  contact  with  oxygen  at  all 
points,  the  entire  mass  of  ga^  will  bum  with  a  violent  explosion 
the  instant  a  light  touches  it, 

JSxp*  20, — Introduce  2  volumes  of  hydrogen  and  6  volumes  of  air 
into  A  strong  round-holtonied  botll«  such  as  is  used  for  soda-wakTi 
Close  the  moutb  of  the  battl^i  with  a  cork,  and  shake  violMUtly  in  order 
that  the  gases  shall  be  mixed.  A  small  quantity  of  water  should  be 
left  in  the  brittle  to  act  as  a  stirrer.  Grasp  the  bottle  firmly  in  one 
hand,  r<?move  the  cork  with  the  othe?!  and  apply  the  open  mouth  of 
the  bottle  to  a  lighted  caudle.    An  explosion  will  immediately  ei^ue. 

Ei-p.  30. — Into  a  gas-holder,  bladder,  or  rubber  biig»  introduce  a 
mLxture  of  2  vols,  hydrogen  and  1  vol.  oxygen.    Connect  therewith| 
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hj  meflBB  of  cftODtchouc  tubing,  a  tobacco-pipe,  or  Ut  of  glass  tab*. 
Prts^  the  gas  through  the  pipe  into  a  di^h  of  soap-suds,  in  such  m&nnAr 
ihftt  there  dhdl  be  tomied  upou  the  surface  of  the  suds  &  mA£8  of  foiun 
I  lAT^e  as  an  egg.  Close  the  gas -bolder  and  remove  it  from  the  vici* 
'  ol  the  0uds.  On  now  touching  the  fuam  with  a  long,  lighted 
itiek  tn  exceedingly  violent  explosion  will  occur. 

It  is  well  to  avoid  the  lormation  of  a  large  quantity  of  foam  m  this 
'^fiHmeiit,  aince  the  concussion  is  in  any  event  deafening.     In  this 
txptTiment  the  explosive  mixture  is  purposely  confined  in  an  ex- 
ceedingly fiimsy  envelope,  ia  order  that  no  harm  may  bo  done  by  the 
fhigments. 

Care  should  be  taken  to  throw  away  any  remnant  ol  tbe  mixture  of 
bydrv^gen  and  oxygen  which  may  have  been  left  in  the  ga^ -holder  at 
the  dose  of  the  experiment^  and  upon  no  account  should  fire  ever  be 
bnong''  t  into  its  vicinity* 

50.  Tbe  cause  of  these  loud  axplosioBS  in  twofold*  By  the 
aet  cf  combination  water  is  formed,  and  at  the  same  time  intense 
bflat  ia  emitted  ;  the  water ^  or  rather  steam,  is  thereby  enormously 
expanded,  so  that  for  a  moment  there  is  violent  motion  outwards 
to  all  directions.  This  outward  motion  would  scatter  about  in  a 
moat  dangerous  manner  the  fragments  of  any  vessel  in  which, 
through  carelessness,  a  mixture  of  hydrogen  and  oxygen  might 
be  ignited — unless,  indeed,  the  yessel  were  yery  strong,  small, 
tad  of  large  aperture.  But  in  the  next  instant,  as  the  steam 
condenses,  there  ia  an  eyen  more  violent  motion  inwards. 

The  original  mixture  of  hydrogen  and  oxygen  occupies  about 
2000  times  as  much  space  as  the  liquid  water  which  results  from 
the  combination  of  these  gases.  Hence  a  partial  vacuum  is 
formed,  into  which  air  rushes  from  all  sides  ;  and  it  is  the  heavy 
and  sudden  undulations  thus  communicated  to  the  air  which 
occasion  the  noise.  The  outward  and  inward  shocts  follow  one 
another  so  quickly  that  the  ear  cannot  distinguish  between  them. 

Mixttires  of  hydrogen  and  air  produce  less  yiolent  explosions 
than  mixtures  of  hydrogen  and  oxygen,  because  of  the  inert 
mtrogen  in  tbe  air,  which  acta  aa  an  elastic  pad,  or  cushion,  to 
bi^eak  the  force  of  the  shock. 

60,  Since  air  ia  everywhere  about  ua,  and  since  all  ordinary 
combuBtions  occur  in  it,  it  has  become  customary  to  speak  of  it 
and  of  oxygen  as  tnjDjporters  of  cafn^uftton,  in  contradistinction  t» 
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the  fio -called  comhistibUs^  such  as  hydrogen.  These  terms  are 
often  convenient,  but,  as  will  appear  from  the  following  experi* 
ment)  they  have  only  a  relative,  and  no  absoluUj  significance. 

£xp.  31.— Provide  a  tube  of  thin  ^lasa,  the  neck  of  a  brok«n  retort, 
for  example,  30  or  40  cm,  long,  and  3  or  4  cm,  in  d  ameter;  tix  it  in 
n  vertical  position,  so  that  the  lower  openinp:  shall  be  20  or  SO  cm. 
above  the  table,  and  connect  the  upper  opening  with  a  gas-holder  filled 
with  hydrogen. 

To  a  second  gas-holder,  containing  oxygen,  attach  a  caoutchouc 
tttb«,  and  to  the  end  of  this  fit  a  piece  of  glaBs  tubing,  No,  7,  25  or  30 
cm.  long,  bent  at  a  right  angle  at  5  or  10  c.m.  from  the  end  which  is 
attached  to  the  caoutchouc  tube,  and  drawn  out  to  a  tine  open  point 
at  the  other.  The  caoutchouc  tube  must  be  long  enough  to  reach  as 
far  as  the  lower  mouth  of  the  wide  vertical  glass  tube  above 
mentioned. 

Open  now  the  stopcock  of  the  hydriigon  gas-holder  so  that  the 
verlical  tube  shall  he  filled  with  the  gas,  then  apply  a  lighted  match 
to  the  mouth  of  this  tube,  and  regulate  the  fiuw  of  ga^  so  that  the 
latter  may  continue  to  bum  slowly  at  the  lower  edge  of  the  tube* 
Finjdly,  open  the  stopcock  of  the  oxygen  gas-holder,  so  that  a  cur- 
rent of  this  gas  Rhall  liow  through  the  pointed  deli  very -tube,  and  thrust 
this  tube  up  into  the  middle  of  the  wide  vertical  tube  which  has  been 
tilled  with  hydrogen. 

As  the  stream  of  oxygen  parses  through  the  burning  hydrogen  at 
the  bottom  of  the  vertical  tube,  it  takes  tire^  and  afterwards  continues 
to  bum  lit  the  atmosphere  of  hydrogen  within  the  tube. 
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61.  Oxygen  and  hydrogen  do  not  unite  directly  in  any  other 
proportion  than  that  in  which  they  form  water ;  but  by  indirect 
means,  too  complex  for  profitable  study  at  this  stage,  a  molecule 
of  water  can  be  made  to  combine  with  an  atom  of  oxygen,  forming 
a  new  substance,  known  by  the  name  of  percvidi  of  hi/dt'ojen* 
Its  formula  is,  in  accordance  with  this  statementy  H^O,,  and  it 
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would  yield,  if  oompletcly  deoomposed  into  its  elements,  equal 
yolumea  of  bjrdrogen  and  oxygen;  its  composition  by  weight 
must  be  2  parts  of  hydrogen  to  82  of  oxygen ;  it  contains  jn^t 
twice  as  laige  a  proportion  of  oxygen  as  water.  The  best  method 
of  preparing  this  eubatance  does  not  yield  the  pure  thing  itself, 
bat  only  a  concentrated  solution  of  it  in  water ;  the  specific  gra- 
vity  of  this  solution  is  1*45  ;  it  is  colorless,  transparent,  and  some- 
what syrupy,  has  a  metallio  taste,  corrodes  the  skin,  and  bleaches 
vegetable  colors. 

How  different  a  substance  this  is  from  water,  appears  at  onoe 
from  this  enumeration  of  some  of  its  pi'operties.  It  is  very  un- 
stable^ being  readily  decomposed  by  heat,  and  by  contact  with 
Tonons  substances  at  the  ordinary  temperature,  into  oxygen  and 
water*  Its  instability  and  the  intense  chemical  activity  of  which 
it  is  capable,  emphatically  distinguish  this,  as  yet  obscure,  body 
from  the  neutral,  stable,  inactive  compound  of  hydrogen  and 
oxygen »  common  water. 

62*  But  though  the  peroxide  of  hydrogen  is  not  water,  it  is 
nevertl^eless  a  true  chemical  compound  of  the  same  elements  which 
are  united  in  water;  it  is  definite  and  constant  in  composition, 
and  its  properties  are  as  unlike  those  of  its  elementary  constt- 
tuGOts  as  are  tho^te  of  wnter.  A  new  fact  of  great  signiticanoe 
her©  comes  plainly  into  view*  Two  of  the  elements  are  evidently 
capable  of  combining  in  two  definite  proportions  to  form  two 
chemical  compounds,  each  differing  from  the  other  and  from  its 
primary  constituents.  The  study  of  the  compounds  of  nitrogen 
and  oxygen  will  bring  into  clearer  view  the  general  principle  of 
which  this  fact  is  a  single  illustration.  These  compounds  form  a 
senes  of  &re  membersj  all  derived,  more  or  leas  directly,  from 
common  nitric  acid. 

63.  Nitric  Acid. — ^Two  abundant  sources  of  this  material  are 
found  in  nature,  and  are  familiar  as  articles  of  commerce.  Salt- 
petre or  nitre,  a  whitish,  saline,  crystallized  substance,  now 
maiolj  brought  from  India,  is  one  of  tbese  sources ;  a  similar 
snbutanoe,  known  as  Chili -saltpetre,  or  soda-nitre,  is  collected  on 
a  desert  tract  in  Chili  and  Peru^  and  forms  a  valuable  article  of 
export  from  those  countries.  Tbese  two  substances  only  differ 
Ikom  each  other  in  this, — that  the  first  contains  the  motul  potav- 
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fliniDf  the  fleeond  the  very  similaT  metal  sodinm,  in  either  case 
combined  with  definite  proportions  of  the  elements  nitrosren  and 
oxygen.  By  the  refiction  of  sulphuric  acid  (oil  of  \itriol)  on 
either  of  these  two  substances,  nitric  acid  ia  obtained.  On  a 
small  &cale,  for  kboratory  purposes,  aaltpetre,  or,  as  it  is  called 
in  chemistry,  nitrate  of  potassium,  18  generally  employed ;  on  a 
msiimfucturing  scale,  soda-aflltpetre  or  nitrate  of  eodium  is  used, 
because  this  salt  costs  less  than  nitrate  of  potassium,  and  also 
contains  a  larger  proportion  of  nitric  acid,  which  it  yields  up  with 
greater  facility. 

Ejp.  32. — Into  a  tubulated,  glass-stoppered  retort  of  250  c.  c.  capa- 
city put  40  grammes  of  powdered  nitrate  of  potassium,  or^  bexter, 
34  griimmes  6t  powdered  nitrnte  of  sodium  if  it  can  be  obtained,  and 
throiigrh  the  tubulature  pour  60  giammea  of  strong  sulphuric  acid, 
which  has  been  weighed  out  in  a  bottle  preTiously  counterpoised  upon 
the  balance  ^^th  shot  or  coarse  saad.  Imbed  the  bottom  of  the  retort 
in  sand,  contained  in  a  small  iron  pan  placed  over  the  gas-lamp  on  a 
ring  of  the  iron-stand.  Thrust  the  neck  of  the  retort  into  the  receiver 
with  two  tubulatures  ^  the  retort- neck  should  lit  the  tubulature  of  the 
roceiverwith  tolerable  accuracy.  The  second  tubulature  of  the  re- 
ceiver should  be  left  open,  or  loosely  covered  with  a  bit  of  gln»*»,  in 
order  to  avoid  the  possibility  of  any  preasure  being  created  within  the 
retort  during  the  operation.  Place  the  receiver  in  a  pan  of  cold  water, 
aiid  cover  it  with  cloth  or  bibiUous  paper,  which  must  be  kept  con- 
stantly wet  during  the  distillation.  (See  Fig.  16,  p.  34, )  Apply  a  mode- 
rate heat  to  the  sand-bath  ;  reddish  vapors  will  appear  for  a  moment, 
then  disappear,  and  a  yellowish  fuming  liquid  will  begin  to  condense 
in  the  receiver.  Towards  the  end  of  the  operation  the  red  vapors 
feappear ;  after  this  has  happened,  and  the  saline  matter  in  the  retort 
has  attained  a  state  of  tranquil  fusion,  while  very  little  liquid  pa^es 
over  into  the  receiver,  the  lamp  may  be  put  out^  for  the  process  is 
finished. 

The  very  acid,  corrosive,  and  poisonous  liquid  in  the  receiver  is 
nitnc  acid;  its  faint  color  is  not  its  own,  but  is  due  to  the  presence  of 
a  compound  of  nitrogen  and  oxygen  shortly  to  be  described.  Transfer 
the  liquid  to  a  glass-stoppered  bottle,  and  keep  it  for  future  use.  In 
til  manipulations  with  nitric  acid  it  is  necessary  to  avoid  getting  it 
upon  the  hkin,  since  it  produces  rather  p^mianent  yellow  stains. 

A»  the  retort  ct»ohi,  the  residue  solidifies  into  a  white,  saline  mass, 
whidi  must  be  dissolved  out  of  the  vessel  by  heating  it  with  water  af%er 
the  apparatus  has  become  thoroughly  cold.     It  will  be  observed  that 
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tiie  liquid  sulpliuric  add  which  wat  uaed  has  disappeared,  though  tiie 
saline  leaidue  ia  atill  inteDselj  acid* 

64,  Pure  nitric  acid  is  colorless,  and  is  about  half  as  heavy 
again  as  water.     It  may  be  mixed  with  water  in  all  proportions. 

Erp.  S% — To  one-third  of  the  nitric  add  obtdned  in  the  last  experi- 
ment odd  an  equal  bulk  of  water.  The  solution  thuii  obtained  will  he 
still  intensely  acid,  as  mav  he  proved  by  its  action  on  %*e^tabl6  colors, 
litmus  is  a  blue  colorin;^-mstterT  prepared  from  various  lichens,  and 
used  in  dyeing.  Unaiied  paper,  colored  with  a  solution  of  litmus  in 
water^  is  a  convenient  teat  lor  many  acids^  which ^  as  a  nde,  change 
thA  color  o;  the  paper  from  blue  to  red.  If  the  addity  of  this  diluted 
nitnc  acid  be  now  destroyed  or  neutralised  by  the  addition  of  ^ome 
other  substance  of  opposite  quality,  the  point  at  which  the  liquid 
\  to  he  add  may  be  detenmned  by  observing  when  the  blue  paper 

odn^  blue  on  imniersiou  in  the  liquid. 

To  the  diluted  nitric  acid^  placed  in  an  evaporating^di^h^  add  cau- 
tioiL^y  ammonis-watar  (the  Liquor  Ammoniee  of  the  apothecaries) » 
which  ha*  been  previously  diluted  with  its  own  bulk  of  water^  until 
the  liquid  no  longer  turns  the  litmu*;*paper  red.  The  ammonia- water 
must  be  added^  slowly  at  ^n%  and  at  last  drop  by  drop,  and  the  mix- 
tore  must  be  constantly  stirred  with  a  glass  rod.  The  am mouia- water 
has  the  property  of  turning  litmtis-paper^  which  has  been  reddened  by 
ma  add,  lack  again  to  blue,  as  direct  experiment  may  prove ;  this 
property  b  possessed  by  a  class  of  bodies  called  alknlieSf  and  this  reac- 
tion with  litmus  is  termed  the  alk^tlme  rf^tction,  in  contradistinction  to 
the  change  from  blue  to  red,  which  is  the  reaetion  characteristic  of 
icids.  When  mixed  with  nitric  acid,  ammonia-wiiter  produces  a 
compound  which »  when  fresh  and  pure,  has  no  action  on  vegetable 
colore  and  being  soluble  in  water  is  not  vinble  at  this  stage  of  the 
experiment.  Place  the  evaporating-dish  on  the  wire  gauxe  over  the 
g:as*1amp»  and  evaporate  the  liquid,  taking  care  to  avoid  actual  ebulli- 
tian,  until  a  drop  of  the  solution  taken  out  on  a  glass  rod  becomes 

Dost  Bolid  on  cooling.     Kxtingui.^h  the  lamp,  let  the  di»h  become 

rfrctly  cold,  separate  the  semitran^parent  crj'stols  which  have 
formod  during  the  cooling  from  the  fluid,  if  any,  which  remains  in  the 
aUuw  them  to  drain,  dry  them  by  gentle  pressure  between  folds 

\  bibulous  paper,  and  reserve  them  for  use  in  the  next  experimenL 

sides  water,  these  crystals  are  the  sole  product  of  the  reaction ; 
they  mu«t  therefore  contain  both  all  of  the  nitric  add  and  aU  of  tne 
Bmni«>uiii  whirh  is  not  water.  The  chemical  name  of  the  substance  ii 
oitrote  of  ammonium. 
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66.  We  find  in  this  experiment  a  atriking  iUustration  of  wlmt 
ia  meant  by  chemical  comhiDation.  Prom  two  fuming  liquids, 
of  veiy  intense  but  opposite  properties,  there  has  come  forth  a 
neutral  solid,  as  unlike  its  constituents  in  tafite,  smell,  and  aU 
phyaical  attributes,  as  could  weU  be  imagined.  The  idea  of  neutra- 
lization, -well  exemplified  in  this  experiment,  has  in  the  history 
of  chemistry  been  very  fruitful  both  of  names  and  hypotboseA. 
Bearing  in  mind  the  fiery  constituents  of  the  cooling,  harmless 
salt  which  we  have  thus  synthetically  prepared,  we  proceed  to 
le&rn  by  experiment  whatever  its  decomposition  may  teach. 

Rt),  Si. — Introduce  into  n  Florence  oil-flask,  or  other  suitable  flask 
of  thin  glass,  and  of  abaut  300  c.  c.  capacity,  the  nitrate  of  ammonium 
obtained  in  the  last  experiment.  From  tbe  mouth  of  the  flask,  placed 
upon  the  wire  gauze  on  the  iron-stand,  carry  a  gas  delivery-tube, 
No.  6,  hencAlb  the  f*aucer  in  the  water-pan ;  but  intemipt  tbe  tube,  at 
some  convenient  point  to  interpose  (bj  means  of  a  cork  or  caoutchouc 
stop  p. T  with  two  holes)  a  email  bottle  which  can  be  kept  cool  with 
water,  as  shown  in  the  ligure, 

Fig,2a. 


Heat  the  flask  moderately  and  cautiously,  to  avoid  brealting  it. 
The  nitrate  of  ammonium  will  melt,  and  little  bubbles  will  soon  begin 
to  eacape  from  the  fui*ed  mnss.  The  best  must  now  be  so  controlled 
that  the  evolution  of  tbe  gas  shall  not  be  tumultuous.  The  gas  is  to 
be  collected  in  bottles  of  300  to  400  c.  c.  capacity.  In  tbe  cooled 
bottle,  through  whicb  the  gas  passes,  a  dear  and  colorless  liquid  will 
condense,  which  will  be  found  on  esLamination,  if  tbe  process  has  been 
luceeasfully  conducted^  to  be  neither  acid  nor  alk&line,  to  have  neither 
laate  nor  smell,  and  to  be  wholly  volatile  when  heated  oq  platinum 
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foil, — fn  flhott,  to  possess  all  the  pvoperties  of  wftter,  and  noBc  other. 
^PHien  two  bottles  of  <ras  have  been  fiJled,  and  cDougli  wftter  for  testing 
DdeB^d,  tht*  deli'  on'-tubt?  may  be  witlidrawn  from  the  water  and  the 
up  extinguished^  although  the  nitrate  of  ammonium  be  not  all  deeom* 
ed.  The  nitrnte  of  ammonium  may  be  entirely  resolvt*d  into  water 
and  the  g-aa  which  now  awaits  examination^  but  it  b  ditficult  to  push 
the  decomposition  to  actual  completion  without  breaking  the  flaak  in 
which  the  opemtion  is  performed.  That  the  nitrate  leaves  no  residue 
bi^hind,  when  suiEeiently  heated^  may  be  proved  by  heating  a  crystal 
of  it  on  platinum  foil  over  the  gas-lamp, 

66 •  Nitrouj  O^vide, — It  is  obviotis  that  the  colorless  and  trans- 
en  t  ga«,  which  is  the  most  voluminous  produet  of  the  decom- 
position of  nitrate  of  ammonium  just  accomplished,  must  contain 
iwH  the  elements,  besides  those  of  water,  which  enter  into  the 
[composition  of  nitrate  of  ammonium,  and  therefore  of  its  consti- 
tuents^ nitric  acid  and  ammonia-water ;  much  interest,  thereforep 
attaches  to  the  determination  of  the  composition  of  tliia  gas. 

£xft,  S5. — Insert  a  glowing  splinter  of  wood  into  a  bottle  of  the  gUb 
It  will  reinflame  with  almost  as  much  energy  as  in  oxygen. 

If  oxygen  be  really  a  constituent  of  this  ga^^  it  may  be  posaiblo  to 

mix  the  gas  with  hydrogen,  and  effect  the  chemical  combination  into 

water  of  the  oxygen  in  the  gas  and  the  added  hydrogen,  by  heating  the 

irttire,  or  passing  through  it  an  electnc  spark  (see  pp.  24,  2i>),     If 

just  enough  hydroj^en  can  be  added  to  exactly  convert  all  the  oxygen 

[contained  in  a  given  volume  of  the  gas  into  water^  the  constituents 

her  than  oxygen  will  be  left  behind  for  separate  examination,  and 

» shall  have  determined  how  much  oxygen  a  given  volume  of  the  gia 

'  oontsdns  by  observing  how  much  hydrogen  has  been  necessary  to  con- 

Tert  it  into  water,  the  volumetric  composition  of  water  being  already 

^Inown.    Now  it  ha$  been  found  that  when  any  volume  of  this  gas  it  | 

led  with  an  equal  volume  of  hydrogen,  in  a  strong  tube,  provided  j 

L  with  platinum  points,  like  those  of  the  U-tube  already  used  (p.  25)^ 

[  asid  thfi  mixture  is  fired  by  the  electric  spark,  a  violent  exploaion  takea 

||llaee,  a  dew  i){  water  condenses  upon  the  walls  of  the  tube,  and  there 

remains  a  volume  of  colorless  gas,  precbely  equal  to  that  with  which 

the  hydros^en  was  originally  mixed.    On  studying  the  properties  of 

^this  re«idu&l  gas,  it  is  found  to  bo  tasteless,  odorlea<i,  a  little  lighter 

1  air^  and  to  be  neither  inflammable,  nor  yet  a  Bupporter  of  eom- 

I'fcustion;  it  is  retiognifed  as  the  pure  element,  nitrogen. 

It  follows  from  this  experiment,  and  the  knowledge  of  th© 
[  aomposition  of  water  preriouslT  ^ained^  that  any  measure  of  the 
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gas  obtained  from  nitrate  of  ammonium  contains  its  own  measiire 
of  nitrogen  and  half  that  measure  of  oxygen.  The  constitution  of 
this  gaa  Is  atrictly  analogous  to  that  of  steam ;  as  two  volumes  of 
hydrogen  and  ono  volume  of  oxygen  are  compacted  into  two 
volumes  of  etoam,  so  two  Tolumcs  of  nitrogen  and  one  volume  of 
oxygea  are  condensed  into  two  volumes  of  this  transparent  gaa. 
Aa  the  chemical  formula  or  symbol  of  water  is  11(),  so  the 
formula  of  thia  new  gas  is  Nj^O,  and  its  volumetric  composition 
may  be  represented  by  a  diagram 
to  that  by  whidi  we  con- 
ed to  the  eye  the  composition 
W  water. 

67.  As  has  been  already  said, 
a  combination  of  oxygen  with 
another  element  is  called  an  oxide  ;  the  name  of  the  second  ele- 
ment is  given  either  by  an  adjective  whieh  precedes  the  word 
oxide^  as  in  the  case  of  this  gas  Nj^O,  whose  name  is  nitrous  oxide^ 
or  by  eonneeting  the  name  of  the  secoird  element  with  the  word 
oxide  by  the  preposition  o/,  as  in  case  of  o^vidt  of  h'on. 

From  the  above  composition  by  volume,  and  from  the  known 
specific  gravities  of  nitrogen  and  oxygen,  the  composition  of 
nitrouB  oxide  by  weight  is  readily  deduced.  The  spccitia  gravity 
of  nitrogen,  referred  to  hydrogen,  is  14;  that  of  oxygon  16  5 
since  there  are  two  volumes  of  nitrogen  for  each  volume  of 
oxygen,  the  two  elements  must,  m  any  given  weight  of  the  gas, 
be  combined  in  the  proportion  of  2%  parts  by  weight  of  nitrogen 
to  16  of  oxygen.  The  molecnle  of  nitrous  oxide,  N,0,  must  be 
composed,  like  any  other  quantity  of  the  gas,  of  2S  parts  by 
weight  of  nitrogen  and  16  of  oxygen  ;  but  precisely  as  in  the  case 
of  water,  wo  conceive  of  the  molecule  as  made  up  of  two  atoms 
of  nitrogen  and  one  atom  of  oxygen,  and  we  have  already  learned 
that  if  the  atomic  weight  of  hydrogen  be  represented  by  1,  that  of 
oxygen  must  be  16,  It  follows,  from  the  constitution  of  nitrous 
oxide,  tliat^  if  16  represent  the  smallest  proportional  weight  of 
oxygon  which  exists  in  combination,  14  must  be  the  corresponding 
smallest  wei;;ht  of  nitrogen  when  thus  united  with  oxygen.  Ni- 
trous oxide  contains  16-44ths,  or  30*36  per  cent-  of  oxygen. 
68.  Nitrous  oxide  b  almost  without  odor,  but  baa  a  distlnotly 
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sweet  taste ;  iti  specific  gravity  referred  to  hydrogen  is  22 ;  it  U 
quite  soluble  in  water^  which  at  0^  dissolres  more  than  its  own 
^nme  of  the  gas,  and  more  than  half  its  volume  at  24*^*  Owing 
to  ihiB  solubility  there  is  a  tritiiDg  loss  incurred  by  collecting  it 
in  the  UKual  manner  over  water;  this  loss  may  bo  partially 
avoided  by  u&ing  warm  water  in  the  pan.  Nitrous  oxide  may  be 
obuiined  in  the  Liquid  state  by  submitting  it  to  a  meohanical 
prefisure  of  about  30  atmospheres  in  an  appamtus  cooled  to  0^. 
The  liquid  i»  very  mobile,  boils  at  —f<S'^,  and  crystallizes  at 
about  — KKFwhen  allowed  to  evaporate  spontaneously  under  the 
eschausted  receiver  of  an  air-pump.  It  is  noteworthy  that  the 
permantnt  gases,  such  as  iiitron;en,  oxygen,  and  hydrogen,  are 
but  slightly  soluble  in  water,  while  all  the  soluble  gasea  are  liquifi- 
able,  and  often  the  more  readily  liqniliable  in  proportion  to  their 
solubility.  A  drop  of  liquid  nitrous  oxide  blisters  the  skin  like  a 
hot  iron.  By  mijdng  the  solid,  snow-like  nitrous  oxide  with  the 
volatile  liquid  called  bisulphide  of  carbon,  and  evaporating  tho 
mixture  in  a  vacuum,  the  lowest  temperature  which  has  hitherto 
been  attained  is  produced;  it  is  estimated  at  — 140*^* 

Small  auimak  immersed  in  gaseous  nitrous  oxide  die  after 
lie  time,  but  it  may  be  respired  for  a  few  minutes  witb  entii^ 
ttpunity  by  the  healthy  human  being.  The  physiological  cfiecta 
of  thia  gas,  when  respired,  vary  somewhat,  according  to  the 
quality  of  the  gas  and  tlie  mode  of  admiaistratioti ;  sometimes  it 
produces  a  lively  intoxication,  attended  with  a  disposition  to 
muscular  exertion  and  violent  laughter,  whence  its  trivial  name 
of  laughint^-Qm ;  sometimes,  on  the  contrary,  it  produces  a  com- 
plete insensibility,  during  which  surgical  operations  may  be  per- 
formed without  pain.  When  intended  for  respiration,  great  atten- 
tion should  be  paid  to  tlie  purity  of  the  gas ;  carefully  prepared 
and  judiciously  administered,  it  is  adv^antageously  used  as  an  anae- 
sthetic egent,  eapeeiaUy  for  operations  lasting  but  a  few  seconds. 
As  the  gaa  contains  nearly  twice  as  much  ox^  gen  as  atmospheric 
r,  it  doe*  not  seem  strange  that  it  should  make  common  cora- 
ibles  bum  with  great  intensity ;  it  forma  explosive  mixtures 
with  many  inflammable  gssea ;  it  cauaes  glowing  chareoal  to  burst 
into  flame,  and  sulphur  and  phosphorus  bum  in  the  gaa  with 
great  brilliancy,  if  weU  on  fire  when  immersed  in  it. 
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Krp.  36, — Place  a  bit  of  sulphur  iu  a  deflagrating'  spooD^  and  ignite 
it  with  tliQ  leaat  possible  application  of  heat  j  then  thruat  it  into  » 
bottle  of  uitroaa  oxida  It  will  be  extin;rLU3hed.  Yet  it  would  con- 
tinue to  bum  in  the  air»  Heat  the  sulphur  much  hotter,  aud  again 
iutTOduce  it  into  thts  bottle  of  nitrous  oxide*  It  will  njw  bum  far 
more  brill iantlj  than  in  the  air. 

The  air  ia  not  a  chemiciJ  compound,  but  only  a  mechanical  mixture 
of  nitrogen  and  oxygen ;  so  that  a  body  burning  in  the  air  lias  only  to 
take  oxygen,  which  is  perfectly  free  to  join  it.  The  case  is  entirely 
ditferentwhen  the  substance  at  whose  expense  the  oxygen  ia  furnished 
ia  a  chemical  compound  j  to  dismember  the  compound  will  require  a 
force  superior  to  that  which  hinds  its  elements  together.  Before  the 
sulphur,  in  this  experiment,  can  unite  with  oxyjreni  it  must  detach 
the  oxvfren  from  the  nitrogen  with  which  it  is  comhmed.  To  accom- 
plish this,  the  sulphur  must  be  hotter  than  it  need  be  for  simple  burning 
in  the  air*  We  shnl!  soon  learn  that  there  are  many  chemical  com- 
pounds, much  richer  in  oxygen  than  either  the  air  or  nitrous  oxide, 
which  nevertheless  cannot  support  combustion  at  all,  in  the  ordinary 
Beoiie  of  the  term,  and  this  simply  becauise  the  common  combu.'^hbles 
are  quite  unable  to  detach  the  oxygen  from  the  elements  with  which 
it  is  already  combined* 

69.  Nitnc  OMdt. — ^Th©  nitrous  oxide  which  we  have  thus 
studied,  is  a  derivative  of  nitric  acid,  or,  more  exactly,  of  tho 
compound  of  nitrio  acid  with  ammonia-water,  but  it  ia  only  one 
of  several  such  derivatives.  We  proceed  to  investigate  another 
substance  still  more  directly  obtained  from  nitric  acid. 

Exp.  37.— Place  some  copper 
turnings  or  fill oga  in  a  bottle  ar- 
ranged precisely  a?  for  genera- 
ting hydrogen  (see  Exp.  19)^  und 
pour  upon  thera  one  half  of  the 
nitric  acid  stiO  remaining  from 
Exp.  32,  previously  diluting  this 
portion  of  acid  with  twice  its 
bulk  of  water.  Brisk  action  will 
immediately  occur.  The  bottle 
becomes  filled  with  red  fumes, 
but  when  the  gas  diseny^jyed  is 
collected  over  wat^r,  it  is  found 
to  be  colorless.  Collect  four  bot- 
tlet,  of  300  to  400  c.  c.  capacityi 
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"of  tliii  g&s.  Save  the  blue  solutioii  (oitmte  of  copper)  wliich  retzudna 
in  th(!  geDenitoF  for  futura  uae, 

£xp,  5J8. — Dip  a  lighted  candle  into  a  bottle  of  the  gas.  It  goes 
out.  Into  the  same  bottle  thrust  a  glowing  splinter  of  wood.  It  will 
not  infianie. 

Hrft.  39.  Lift  a  bottle  of  the  gas  from  the  water  so  that  the  air  may 
enter  the  bottle^  and  the  ga»  may  escape  into  the  air.  Bed  famea,  of 
Tery  disagreeable  smell,  and  very  irritating  when  inhaled,  are  abun- 
dantly produced-  Bring  in  contact  with  theae  fumes  a  piece  of  moia- 
t«ned  litmus-paper.     It  will  be  immediately  reddened. 

&p.  40. — Thoroughly  ignite  a  bit  of  sulphur  in  a  detiagratiag- 
•poon,  and  introduce  it  into  a  bottle  of  the  gas.     It  will  not  bum, 

£xp.  41. — Into  the  same  bottle  thrust  a  piece  of  phoaphorua  as  big 

a  pea,  burning  actively.  The  combustion  will  be  continued  with 
,  brilliancy. 

70*  The  now  gas  is  tranaparent  and  colorless,  and  that  it  is 
Iflparinglj  soluble  in  water  may  be  inferred  from  the  fact  that 
ibottJes  of  it  may  stand  indefinitely  over  water  without  appre- 
iciable  loss.  It  differs  from  nitrons  oxide,  aod  from  aU  the  other 
kgases  thus  far  studied,  in  its  relation  to  combustiblce.  The  com- 
ilDonest  combustibles  will  not  bum  in  it  at  all ;  pbosphorua  may 
fhe  melted  in  the  gas  without  inflaming ;  but  when  its  combustion 
fa  once  started,  phosphorus  bums  with  a  vividness  which  recalls 
its  burning  in  oxygen, 

When  the  gas  touches  the  air,  a  new  compound,  red,  acid,  and 
irritating,  is  immediately  produced;  the  question  arises.  Is  it 
I  the  nitrogen  or  the  oxygen  of  the  air  which  gives  rise  to  this 
jiew  combination?  Experiment  would  answer  this  question  in 
£ivor  of  oxygen.  If  into  a  bottle  of  this  new  gas  nib'ogen  were 
introduced,  the  recruit  would  be  simply  negative ;  no  viijiblo 
^change  and  no  chemical  combination  would  take  place.  The 
introduction  of  oxygen  into  a  bottle  of  the  gas  would,  on  the 
other  hand,  produce  the  red  vapors  in  question,  only  mora 
▼ividly  than  air,  because  dilution  with  the  inert  nitrogen  of  the 
Mr  would  have  been  avoided.  So  visible  and  trttst worthy  is  this 
leaction,  that  the  gas  we  are  studying  may  bo  used  to  exhibit 
the  presence  of  free  oxygen  in  gaseous  mixtures.  For  example, 
oxygen  and  nitrous  oxide  reinfiame  a  glowing  splinter,  and 
I  cannot  distinguish  between  these  two  gases  by  this  test ;  but 
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the  gas  we  arc  now  study ijig  supplies  mb  with  a  moans  of  diicri- 
miiiation,  since  it  produces  no  red  fumes  with  nitrous  oride. 

If  a  sufficient  qunntity  of  the  metal  potassium  be  heated  in  the  dry 
gas  till  it  burns,  and  the  experiment  be  eo  executed  as  to  all^^w  the 
volume  of  gn»  to  be  measured  both  before  and  after  the  combustion,  it 
will  be  fuiirid  that  one  half  of  the  volume  of  gas  used  has  disappeared, 
and  that  the  half  which  remnins  possea^es  few  or  none  of  the  qualities 
of  the  ori^nal  gtiB ;  a  slight  examination  would  convince  us  that  we 
had  set  fri*e  the  well-known  element  nitrogen.  The  other  half  of  the 
orij^nal  volume  of  gns  has  united  with  the  potassium  to  form  a  body 
which  we  shall  hereafter  be  familiar  with  under  the  name  of  oxide  of 
potassium.  The  other  half  of  the  gas  ia  then  oxygen,  and  we  hare 
found  th*i  elements  which  enter  into  the  composition  of  this  gas,  andJ 
the  voluiniHric  proportions  in  which  they  are  united.  One  volume  ( 
nitrogen  is  combined  with  one  Tolume  of  oxygen  to  form  two  volame 
of  the  compound  gas. 

We  meet  here  the  first  case  of  ehemieal  combination  betwe 
two  gases  unattended  by  any  condensation  of  the  ingredient 
The  molecule  of  the  gas  will  be  represented  by  the  formula  N0,1 
and  its  elements  ore  united  by  weight  in  the  proportion  of  14 
parts  of  nitrogen  to  16  of  oxygen,  because  equal  volumes  of 
nitrogen  and  oxygen  weigh  respectively  14  and  16  times  aa 
much  as  the  same  volume  of  hydrogen.  The  gas  is  another  oxide 
of  nitrogen,  and  is  di^^tinguished  by  the  name  7iifric  oxide. 

When  there  are  two  or  more  oxides  of  one  element,  the  termi- 
nation oxts  implies  less  oxygen  than  the  termination  ic,  as  in  this 
caae ;  nitrow*  oxide  contains  half  as  much  oxygen  for  its  nitrogen 
as  nilnc  oxide* 

Nitric  oxide  ia  one  of  the  permanent  gases  ;  it  boa  never  been 
liquified.  It  ia  a  very  stable  compound,  and  if  perfectly  dry  is 
not  decomposed  by  a  red  heat  or  by  the  action  of  electric  sparks. 
Owing  to  ita  rapid  union  with  oxygen  and  the  formation  of  acid 
products,  its  taste^  smell,  and  respirability  cannot  be  ascertained. 
licariDg  in  mind  the  fact  that  certain  red  acid  fumes,  the  like  of 
which  we  remember  to  have  seen  in  making  nitric  acid,  are 
formed  by  adding  oxygen  to  nitric  oxide,  we  proceed  to  a  further 
itudy  of  BtiU  other  oxidea  of  nitrogen. 

71.  JJtfponitric  Aeid, — Wliea  a  mixture  of  two  volumea 
nitric  oxide  and  one  volame  of  oxygon,  thoroughly  stirred  to- 
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Ifetber  axid  perfectlr  dried,  in  submitted  to  the  actioii  of  a  freezing 
mixture  of  salt  and  iee,  tranBparent,  colorless  crystals  are  eon* 

^dentvd  ttojn  the  mixed  gaseii ;  but  if  the  least  trace  of  moisture 
liai  been  present,  the  product  will  be  an  almost  colorless  liquid. 

iThe  Tttpor  of  this  new  substance  has  a  brownish  red  color;  from 
a  mixture  of  two  measures  of  nitric  oxide  and  one  measure  of 
oxygen,  two  measures  of  the  new  vapor  are  produced.  Since 
two  measures  of  nitric  oside  contain  one  measure  of  nitrogen  and 
one  of  oxygen,  the  composition  of  the  now  substanoe  may  bo 
i^preseiited  bj  the  accompanying  diagram ;  the  molecule  will  be 
represented  by  the  formula 
KOy  and  the  composition  of 
the  substance  by  weight  will 
be  14  parts  of  nitrogen  to  32 
of  oxygen.    The  name  of  this 

I  mew  body  is  Hyponitric  acid, 


N 


O 


0 


NOj 


name  derived  ^om  nitric  acid  by  prefixing  the  Greek  vjto, 
••below."  The  term  b  used  to  indicate  that  the  substance  to 
which  it  is  applied  contains  less  oxygen  than  the  other  substance 
which  the  name  is  dcriTed.  Thus  hyponitric  acid  contains 
oxygen  than  nitric  acid,  hyposulphurous  acid  less  than  sul- 
Hurnuf),  and  so  forth.  It  remains  to  justify  this  assertion  re- 
specting the  comparative  oxygen -con  tents  of  hyponitric  and 
nitric  aeids. 

Erp,  42. — Add  to  the  nitric  acid  which  remains  from  Exp.  83,  pre- 

rioosly  diluted  with  twice  its  bullc  of  water  and  wanned  over  the 

p,  finely  powdered  litharge  in  small  portions  bo  long  as  it  readily 

|. dissolves.     The  operation  may  be  best  performed  in  an  evaporating- 

dish,  which  should  be  only  very  moderately  heated.     The  substance 

sold  under  the  name  of  litharge  is  a  simple  combination  of  the  two 

.elements,  lead  and  oxygen;  the  formula  of  its  molecule  is  PbO^  in 

^which  Pb  represents  the  least  proportional  weight  of  metallic  lead 

(plumbum) ;  its  composition  by  weight  ia  accurately  known.    When 

the  litharge  no  longer  dia^folvea  with  promptness,  no  nioi'e  should  be 

addtnl,  and  the  liquid  in  the  dish  should  be  evaporated  to  drjn»>?'s,  at 

first  on  the  wire  gauze  over  the  lamp,  hut  towards  thu  end  oi  the 

operation  on  a  water-bath. 

liuring  this  evaporation  there  escape  into  the  air  unchanged,  water 
tad  the  exce^  of  nitric  acid  which  was  not  neutralised  by  the  oxide 
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of  lendL    There  remiuns  &  white,  sftlin©  substance,  wliicb  has  retulted 

from  the  corabinadon  of  the  oxide  of  le&d  with  a  portion  of  the  citric 
acid ;  it  is  called  nitrate  of  lead*  Experience  has  proved  that  it  is  a  per- 
fectly dry  substance,  containing  no  water  whatever ;  it  i«  the  raw  mate- 
rial, BO  to  speak,  of  important  experimentg  shortly  to  be  described, 

lU-p.  43.^Hefit  one  or  two  teaspoonfuls  of  the  nitrate  of  lead,  of 
£xp.  42,  in  an  iprnition-tube,  And  observe  that  the  compound  decom- 
poses; deep  red  fume«  are  produced,  and  oxide  of  lead  (litharge)  1$ 
left  behind.  If  these  red  vapors  be  carried  through  a  U-tube  immened 
in  a  mixture  of  ice  and  salt,  a  portion  of  the  vapors  condense  into  a 
liquid^  while  an  un condensable  i^as  passee  through  the  cold  tube,  and 
may  be  collected  by  a  suitable  arrangement  beyond  the  U-tube.  The 
eondensed  liquid  is  hyp-onitric  acid ;  the  gas  is  oxy^ri^n.  If  the  com- 
plete abience  of  moisture  has  been  secured,  crystals  of  fayponitric  acid 
may  often  be  obtAined  by  replacing  the  first  U-tube  by  a  second  to- 
wanls  the  end  of  the  distillation.  In  fact,  this  is  by  far  the  mcNit  con- 
venient method  of  preparinj^  hyponitric  acid.  Into  the  U-tube  c<«- 
taiuinfr  th«  liquid  hyponitric  acid  drop  a  bit  of  ice  or  a  little  snow; 
the  color  of  the  solution  changes  from  reddish  to  a  greenish  blue,  and 
two  layers  become  visible  in  the  liquid.  The  explanation  of  thia 
chani^e  will  be  found  in  the  next  aectioQ. 

The  name  of  hyi>onitric  acid  is  now  justified;  for  it  i«  apparent 
that  when  the  litharge  was  dissolved  in  nitric  acid,  it  found  there, 
and  t-ombined  with,  an  oxide  of  nitro^n  containing  more  oxygen 
than  hyponitric  acid  does,  since  when  thia  oxide  of  nitrogen  is 
decompoBcd  by  heat,  as  in  the  experiment  just  described,  hypo- 
nitric acid  and  oxygen  are  evolved,  the  litharge  remaining  behind 
unaltered.  Ecaerving  the  further  discussion  of  the  com  position 
of  nitric  acid,  we  may  here  speak  of  the  properties  and  products 
of  hyponitric  acid 

72.  Hyponitric  acid  occurs  in  the  aolid,  liquid,  and  gaseous 
states;  at  —  9*^itery8talli«es;  above  that  temperature  and  below 
22°  it  is  a  mobile  liquid  of  sp.  gr.  r451,  and  of  various  colors  at 
various  temperatures ;  it  boils  at  22°.  The  liquid  acid  gives  off 
red,  acid,  irrospirable  vapors  at  the  ordinary  temperature,  If  to 
liquid  hyponitric  acid,  cooled  by  ice  and  salt,  a  proportionally 
imall  quantity  of  ioe-water  be  added,  two  layers  of  liquid  are 
formed,  as  has  been  above  illustrated,  the  upper  and  least-colored 
of  which  consists  principally  of  nitric  acid,  the  lower  and  darker 
of  a  fluid  which  yields,  on  cautious  distillation  at  a  low  tencipe- 
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mtxire,  a  very  volatile  blue  liquid.  This  blue  liquid  is  so  nnsiable 
th&t  ite  composition  and  qualities  are  not  certain! j-  kno^Ti ;  but 
it  is  supposed  to  be,  or  to  contain,  an  oxide  of  nitrogen  differing 
from  all  those  heretofore  studied, — an  oxide  capable  of  direct 
derivation  from  nitric  oxide  by  adding,  to  any  volume  of  this  last, 
cme-fourtb  that  volume  of  pure  oxygen,  atid  therefore  answering 
to  the  formula  N^O^,  and  being  composed  of  28  parts  by  weight 
of  nitrogen  and  4S  parts  of  oxygen.  This  obscure  substance  is 
known  by  the  name  of  nhrout  acid;  though  itself  but  imper- 
fectly known,  some  of  its  compounds  are  not  unfamiliar  bodies. 

73,  We  have  already  learned  that  the  white,  saline  substance 
called  nitrate  of  lead  can  be  made  from  oxide  of  lead  and  nitric 
acid,  that  it  contains  no  water  in  its  composition^  and  that  when 
heated  it  is  decomposed  into  oxygen,  an  oxide  of  nitrogen,  and 
the  original  oxide  of  lead.  On  the  basis  of  these  facts,  a  method 
has  been  constructed  of  determiiiing  the  compositioa  of  nitric  acid 

Ti>  10  gTAmmes  of  oxide  of  lead  add  something  more  than  euough 

nitric  acid  to  transform  it  completely  into  nitrate  of  lead ;  evaporate 

the  excess  of  acid,  dry  the  residual  nitrate  of  lead  completely,  and 

weigh  it.     If  W  represent  this  weight  in  grammes,  W  — 10  is  the 

weight  of  the  unknown  oxide  of  nitrogen  which  has  combined  with  10 

gramroea  of  oxide  of  lead  to  form  W  grammes  of  nitrate  of  lead.     From 

tbede  data  the  percentage  composition  of  nitrate  of  lead  can  be  calcu* 

jated ;  10  grammes  of  pure  nitrate  of  lead  invariably  contain 

Oxide  of  lend   .    .    •    .    6  738  grammea. 

Oxide  of  nitrogen      •     .    8  262       ,, 

If  now  10  grammes  of  pure  nitrate  of  lead  be  decomposed  by  heat 

under  such  conditions  that  the  vapors  which  it  yields  shall  pass  over 

ne  substance  capable  of  abstracting  all  the  oxygen  from  the  vapors 

bout  affecting  the  nitrogen,  it  will  be  possible  to  collect  all  the 

contained  in  3*262  grammes  of  the  unknown  oxide  of  nitro- 

y  and  so  to  detennine  its  volume  and  thence  its  weight 

This  determination  is  actually  made  by  heating  the  nitrate  of  lead  in 

A  long  glass  tube,  in  such  a  manner  that  all  the  vapors  evolved  from  it 

I  over  a  large  surfsice  of  red-hot  copper.    The  copper  ahsorba  the 

^^ygen,  the  nitrogen  passes  over  it  unaltered  and  is  collected  in  a  suit* 

able  vessel  and  Accurately  measured.     As  the  specific  gravity  of  nitro- 

pn  at  any  given  temperature  and  pressure  is  known  with  precision, 

!  exact  weight  of  the  nitrogen  can  be  deduced  from  this  volume. 


coMPosinoir  of  irmnc  acid. 

Such  expmments  often  treated  Imve  led  to  the  conclusion  that  th« 
oxide  oi  nUrogen,  which  with  oxide  of  lead  makea  up  nitrate  of  lead^ 
contains 

Nitrogen       •    •    •    •    .    25-93  per  cent. 

Oxygen    ......     74*07       „ 

If  these  two  numbera  be  divided  by  the  specific  prftvitie«,  or  unit- 
volume- wcig^htii,  of  the  two  (yftges  respectively,  thf?  quotienta  will 
express  the  composition  by  mea^^tire  of  the  oxide  of  nitrogen ;  the 
quotients  are  1'8B2  and  463,  numbers  which  are  to  each  other  aa  1  to 
2'6  or,  ftToidinj^  fractions,  aa2  to  5, 

The  molecule  of  this  compound  is  therefore  considered  to  contain 
two  volumea  of  nitrogen  and  five  volumr^  of  oxypen,  and  h  represented 
by  tliu  formula  N^Oj  j  the  weight  of  thia  molecule  will  be  108,  of 
which  28  parta  wiO  be  nitrogen  &ud  80  oxygen, — u  composition  pre- 
cisely corresponding,  of  couraei  to  the  percentai^c  comptiaition  above 
given.  This  new  oxide  of  nitroffen  may  he  called  for  the  present  nUrie 
acid^  though  we  shall  fioon  learn  to  distinguiah  between  this  body  and 
common  nitric  acid. 

74.  The  combining  proportions  of  nitrogen  and  oxygen  in  this 
oxide  have  been  experimentally  determined  by  weight,  and  not 
by  volume,  a»  waa  the  caao  with  all  the  preceding  oxides  of 
nitrogen.  The  reason  of  this  different  treatment  is  to  be  found 
in  th*3  fact  that  nitric  acid  cannot  be  converted  into  vapor  with- 
out suffering  decomposition^ — not  indeed  into  ita  elements,  but 
into  oxygen  and  a  lower  oxide  of  nitrogen.  It  is  therefore,  in 
the  prenent  state  of  science,  impossible  to  obtain  a  volume  of 
nitric  acid  gaa  capable  of  experimental  resolution  into  nitrogen 
and  oxygen. 

Sin  CO  a  large  majority  of  the  elementary  bodiea  are  n  on -volatile 
ander  any  treatment  in  our  power  to  employ,  and  since  the  greater 
number  of  chemical  compounds  either  are  non-volatile,  or  are, 
like  nitric  acid,  decompoiied  by  a  tempemture  high  enough  t© 
volatilize  them,  the  proportions  in  which  the  element4s  unite  by 
weight  are  of  much  more  general  value  than  the  proportions  in 
which  they  unite  by  volume ;  and  the  methoda  of  determining  the 
utomirweiffhtM  of  the  elements  have  been  studied  with  a  thorough- 
ness,  and  brought  to  a  perfection  commeiiBurate  with  the  funda- 
mental importance  of  these  proportional  nnmbere. 

75.  Nitrio  add  complete  the  aeries  of  oxides  of  nitrogen  ;   no 
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bigher  oxida  is  known.     We  are  now  prepared  to  eitbibit  this 

lies  in  a  diagram  which  shall  present  to  the  eye  at  once  the 

Dlnmetric  composition  of  the  oiddes,  the  resnltant  Yolumes  after 

condensation  of  the  ingredients,  the  atomic  weights  of  the 

tlementS)  and  the  combining  weights  of  the  compounds.     Since 

^the  atomic  weights  of  the  gaseous  elements  are  at  the  same  time 

their  specitic  graTities  referred  to  hydrogen,  it  will  be  easy  to 

dnoe  the  specific  gravities,  or  equal- volume  weights,  of  the 

r^somponnd  gases,  N,0«  NO,  and  NO,,&om  their  combining  weights 

by  dividing  these  weights  by  two.     As  the  resultant  volumes 

i. after  condensation  are  not  known  for  the  two  members  of  thia 

N,0,  and  N^O,,  we  abstain  from    figuring  hypothetical 

volumes  which  analogy  may  point  to  as  probable,  but  which  eat* 

periment  has  never  demonstrated  as  fact. 

The  Oxii>k8  of  Nitbogkbt, 
Xitrt^tu  Oxide,  Nitric  Oxidt^ 
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70.  These  five  bodies  are  all  chemical  compoands ;  thej  are 
definite  and  constant  in  composition;  and  all  differ  essentially 
from  their  elementary  constituents  and  from  each  other,  as  the 
experiments  we  have  performed  with  them  have  abundantly  de- 
monstrated. It  is,  therefore,  obvious  that  two  of  the  element* 
are  capable  of  combining  in  several  projwrtions  to  form  definite 
chemical  compoundi? ;  and  what  is  here  proved  of  two  of  the 
elomenU  we  shall  hereafter  find  to  be  true  of  all,  though  not  of 
ever}^  couple  j  so  that  the  scries  of  oxides  of  nitrogen  is  but  one 
illustration  of  a  most  comprehensive  law.  The  difference  between 
a  mechanic«l  mixture  and  a  chemical  compound  does  not  on  this 
account  become  less  marked.  The  jiossiblo  rntMures  of  nitrogen 
with  oxygen  are  innumerable  ;  tho  known  combimitions  of  these 
two  elements  are  only  five, — two  volumes  of  nitrogen  combining 
chemieally  either  with  one,  two,  three,  four,  or  five  volumes  of 
oxygen,  and  with  no  other  proportions  whatsoever.  As  for 
volumes,  so  for  weiglita ;  the  proportional  weight  of  oxygen  in 
these  oxides  rises  by  definite  leaps  from  the  first  member  of  the 
series  to  the  last. 

This  definite,  step  by  step  mode  of  forming  chemical  com- 
pounds is  one  of  the  moat  characteristic,  as  it  is  one  of  the  most 
general  facts  of  chemistry ;  no  other  scienco  offers  a  parallel  to 
it ;  but  long  experienco  and  patient  labor  with  the  balance  and 
measuring-gla^  have  establiahid  it  as  the  habitual  mode  in  which 
the  force  called  chemical  ordinarily  acts.  The  abstract  results 
of  observation  and  experiment  may  be  expressed  in  the  following 
proposition,  often  called  the  Law  of  Multiple  Proportions;  If  twa 
horlies  comhine  in  more  than  07\e  proportion^  tJu  ratios  tn  whivh 
thiy  combme  in  the  sec^nd^  thit^,  awl  stihsrfptfnt  compoutuU  are 
definite  multiples  of  those  in  which  thei/  combine  to  form  thejlrni. 

While  the  mode  of  action  of  the  chemical  fojce  set  forth  in 
this  proposition  is  that  which  has  long  been  uppermost  in  the 
minds  of  cheraiRts,  most  prominent  in  cbemic^il  treatises,  and 
perhaps  most  important  to  the  progress  of  the  science  in  the 
direction  in  which  it  has  thus  far  been  cultivated,  it  should  be 
rcmeraberod  that  in  the  phenomena  of  solution,  in  the  formatioti 
of  metallic  alloys  by  fusion,  and  in  the  crystallization  of  minerals 
.and  other  substancca  with  constant  forms  but  voriablo  composi- 
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a,  fbe  diemical  force  has  a  part  to  play  which,  if  more  obscure 
than  iu  ordinary  raanifesUtions,  is  not  less  real. 

77.  Air  a  vaLvture. — All  that  has  been  said  of  the  distiaction 
between  a  mecbanic-al  mixture  and  a  ch^nical  combination  finda 
perfect  illustration  in  the  differences  between  air  and  the  definite 
oaddes  of  nitrogen  which  have  just  been  stndied.  Air  is  not,  like 
these,  a  chemical  oombination.  The  evidence  that  it  is^  a  meoha- 
meal  mixture  merely  ma)*  hero  be  appropriately  presented. 

The  statement  that  air  contains  1  yolume  of  oxygen  to  4  volume§ 
of  nitrogen  is  not  absolutely  true.  These  proportions  ore  never 
ctually  found  ;  the  gases  are  not  combined  in  any  simple  ratio 
either  by  volume  or  weight ;  they  are  always  mixed  in  the  pro- 
portion of  20*81  measure*  of  oxygen  to  79-19  measures  of  nitro- 
gen, or  23*10  parts  by  weight  of  oxygen  to  76-90  parts  of  nitrogen, 
The  experimental  processes  by  which  these  numbers  have  been 
fixed  are  m  perfect,  that  it  is  impossible  to  entertain  the  ideft 
thftt  the  gases  are  rt^Uy  mixed  in  the  ratio  of  20  measures  to  80, 
or  1  volume  to  4  volumes,  or  the  proportion  of  20  parts  by  weight 
pf  oxygen  to  70  of  nitrogen,  as  the  formula  N^O  would  require. 
ben  2081  parts  of  oxygen  are  mixed  witb  79- 19  of  nitrogen, 
there  is  no  development  either  of  light,  heat,  or  electricity,  such 
at*  usually  attends  the  formation  of  a  chemical  compound  ;  and 
the  specific  gravity,  magnetism,  and  refractive  power  of  the  mix- 
ture are  i^uch  as  calculation  would  directly  deduce  from  the  num- 
bers expressing  these  pro|K3rtic8  for  the  two  constituents. 

Ws  lisve  seen  that  when  nitric  oxide  is  added  to  nitrous  oxide 
Bo  red  fumes  are  produced  (§  70),  but  that  when  the  nitric  oxide 
IP  brought  in  contact  with  air  these  suffocating  fumes  are  abun- 
3  iitly  formed,  though  the  air  contains  only  half  as  much  oxygen 
a^  I  ho  nitrous  oxide.  These  experiments  go  to  show  that  while 
in  nitrous  oxide  the  oxygen  is  held  in  chemical  combination,  in 
mr  it  is  free. 

Strong  positive  evidence  that  air  is  a  mere  mixture  is  aflfordt^d 

by  its  behavior  towards  water.     All  gases  are  soluble  in  water 

to  a  grcftter  or  less  cxtcut,  each  one  dissolving  in  a  certain  fixed 

And  definite  proportion  at  any  given  temperuture  and  pre8i<urc. 

bu^  at  15°  and  a  prch?»iirc  of  76  t.m.  of  mercury,  1  volume  of 

later  dissolves  0'U193  volume  of  hydrogen  and  0" 7778  volume 

f2 
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of  nitrons  oxide.  As  s  general  rule,  the  pressure  to  which  the 
liquid  is  exposed  being  constant,  the  quantity  of  gas  dissolved  by 
water  is  less  in  proportion  as  the  temperature  of  the  water  is 
high  ;  in  many  cases  boiling  water  is  altogether  incapable  of  re- 
taining gases  in  solution »  particularly  those  which  are  only  spa- 
ringly soluble  at  any  temperaturo. 

Hence,  by  prolonged  boiling,  many  gases  can  be  completely 
expelled  from  the  water  which  held  them  in  solution*  For  ex- 
ample, if  a  solution  of  nitrous  oxide  be  bulled,  and  the  gas  be 
collected  OS  it  escapes,  this  gas  will  be  found  to  exhibit  the  cha- 
racteriBtic  properties  of  nitrous  oxide.  The  nitrous  oxide  has  not 
been  altered  by  the  act  of  solution.  It  stiU  remains  a  definite 
chemical  compound  as  before.  But  a  result  very  different  from 
this  ia  obtained  upon  boiling  water  which  has  become  charged 
with  the  ingredients  of  atmospheric  air.  The  gas  collected  in  this 
ease  is  composed  of  oxygen  and  nitrogen,  it  is  true,  but  not  ia 
those  proportions  in  which  the  elements  are  united  in  air* 

Water  does  not  diBsolve  air  direcUy  as  such,  as  it  should  do 
were  air  a  chemical  compound ;  but  it  dissolves  out  from  it  a 
quantity  of  oxygen,  just  as  if  no  nitrogen  were  present;  at  tho 
§ame  time  it  dissolves  nitrogen  in  accordance  with  the  solubility 
of  this  element,  and  to  precisely  the  same  extent  that  it  would 
absorb  it  if  there  were  no  oxygen  in  the  air.  Oxygen  is  dis- 
solved by  water  in  larger  proportions  than  nitrogen ;  1  volum^j 
of  water  at  15^  and  under  a  pressure  of  70  c.m*  of  mercxiryl 
dissolves  0-02989  volume  of  oxygen,  but  only  0*0148  Yolume 
of  nitrogen. 

JSip,  44. — By  me&na  of  a  sound  perforated  cork  or  caoutchouc 
■topper,  adapt  to  a  fla^k  of  the  eHpa4nty  of  1  or  2  litres  a  gaa-dtlivery 
tube,  Xo,  6,  long  enough  to  reach  to  the  water-pno  in  the  usual  way. 
Upon  the  outer  end  of  the  deliveTy-tube  tie  a  short  piece  of  ciioutohuuc 
tubing,  to  which  a  stopper,  luade  of  a  bit  of  gloss  rod  or  a  woodeu  filug, 
his  been  fittt^d.  Fill  the  flask  completely  with  ordinar)'  well  or  river 
water;  (ill  also  the  delivery -tube  with  water,  and  close  it  by  putting 
the  stopper  in  the  caoutchouc  tube.  Carefully  place  the  cork  of  the 
delivery-tube  in  the  neck  of  the  flask  in  such  manner  that  no  air  shall 
h^  entangled  by  the  cork ;  at  the  same  moment  remove  the  plug  from 
the  delivery-tube,  and  tinally  press  the  cork  firmly  into  the  tJask.  Both 
flask  and  tube  will  now  be  completely  full  of  water.    Place  the  dried 
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fl&ak  upon  a  ring  of  the  iron  itand,  and  inrert  a  randl  bottle  filled  with 
wfit«r  OTfiT  the  end  of  tho  dell  very-tube*  Then  tlowly  bring  the  con- 
tents of  the  flask  to  boiling. 

As  the  water  fn^ualiy  becomes  warm,  numerous  little  bubbles  of 
I  win  be  seen  to  sepamte  from  the  liquid  and  to  collect  upon  the 
des  of  tho  flA«k ;  th««e  eubaequently  conlesce  to  larger  bubbles,  which 
^  collect  in  the  neck  of  the  Hask.  As  sood  a^  the  water  HCtually  boile, 
the  gleam  will  furce  thi^i  air  out  of  the  fiask,  and  it  will  eolknit  iu  the 
inv«irted  bottle  at  the  end  of  the  delivery -tube,  the  f^teiim  being  mean- 
while condensied  as  fast  as  it  comes  in  contact  with  the  cohi  water  in 
the  pan.  By  conlinuing  to  boil  moderately  during  ten  or  tifteen  mi- 
nuter, nearly  all  the  air  can  be  swept  out  from  the  tiaak  by  means  of 
the  escaping  steam.  The  gas  delivery-tube  may  then  be  lifted  from 
the  water-pan  and  the  lamp  extinguished. 

From  a  litre  of  ordinary  water  about  50  c.  c*  of  gas  cjin  usually 
be  obtained.  This  contains,  of  course,  besides  oxygen  and  nitro- 
gen»  a  certain  amount  of  carbonic  acid ;  but  careful  analyses 
have  shown  that  it  is  much  richer  in  oxygen  than  ordinary  air, 
he  proportion  of  oxygen  to  nitrogen  in  the  gas  from  water  bein^f 
I  32  to  68  in  100  volumes,  instead  of  20*81  to  79-19  as  in  air. 
7^*  Nttric  Acid, — The  nitric  acid  above  referred  to  (§  73), 
whose  composition  is  represented  by  the  formula  N^Oj,  is  an  un- 
stable solid  which  melts  at  30° ;  the  liquid  prodnoed  boils  at  47* 
and  is  decomposed  at  80"^.  The  crystals  of  this  substance  are 
transparent  and  colorless ;  they  undergo  spontaneous  decomposi- 
tion into  hyponitric  acid  and  o.Yygen,  oven  when  preserved  in 
cloned  tubes.  It  is  obvious  that  this  is  not  the  common  nitric 
acid  with  which  we  are  already  familiar.  It  remains  to  demon- 
lit  e  that  commercial  nitric  acid  contains  water  and  the  oxide  of 
nitrogen  N^Oj.  A  single  experiment  may  be  made  use  of  to 
demtmstrate  the  presence  of  water  in  common  nitric  acid,  and  at 
the  same  time  to  determine  the  proportion  in  which  it  enters  into 
the  composition  of  the  sample  of  acid  examined. 

By  addinar  to  a  known  weight  of  common  nitric  acid  (10  grnmnief, 
Ibr  example)  a  weighed  quantity  of  the  oxide  of  lead  much  larger  than 
the  arid  is  able  to  dissvilve  (100  grammes,  for  instance),  and  then 
beating  the  mirture,  with  suitable  precautions  ftgainst  over-heating,  in 
A  weighed  fla^k,  the  vapor  of  water,  and  nothing  else,  is  given  off; 
thi«  vapor  may  of  course  be  condensed,  and  proved  to  be  common 
wat«r.    Since  the  oxide  of  lead  contains  no  water,  and  the  nitrate  of 
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lead  19  nlflo  anbydrou*,  it  follows  that  whfttevet  water  e^cnpes  fn»m  the 
naak  during  the  h<*ating  must  be  denved  from  the  10  grammes  of  nitric 
acid,  and,  fui'thei%  that  if  the  healing  be  lonp:  enough  maintained,  all 
the  water  which  the  acid  c/jntaiDed  will  b€  exp«^lled.  By  weighing  the 
ilask  and  its  contents  al'ter  all  water  haa  been  thus  driven  out,  th^  lo^a 
of  weight  will  be  the  quantity  of  water  contained  in  the  10  grammes 
of  acid. 

It  has  been  already  proTcd  (Exp,  42)  that  the  citrate  of  lead, 
which,  with  a  quantity  of  unused  litharge,  eonstitutes  the  residue 
in  the  flask,  yields  the  oxide  of  nitrogen  N^O^*  If  this  oxide  of 
nitrogen  be  called  nitric  acid,  then  is  the  common  acid  Ivjdrated 
nitric  acid ;  but  if  tho  shorter  name,  nitric  acid,  be  applied  to  tho 
csommoner  substance  the  commercial  acid,  then  the  oxide  N^O^ 
must  be  distinguished  aa  aniif/droiis  nitric  acid, 

79.  Anhydrous  nitric  acid  unites  with  water  in  at  least  two 
definite  proportions  ;  its  molecule  combines  with  one?  molecule  of 
water,  or  with  four,  to  form  the  two  hydrates  represented  by  the 
formulae  H^O,  ^P^,  and  4Hp,  N^^O^  respectively,  wherein  the 
gymbols  of  one  and  four  molecules  of  water  are  simply  placed 
bcfiide  the  formula  of  the  molecule  of  anhydrous  nit  no  acid. 
Ponderal  analysis  has  given  us  this  knowledge  of  the  composition 
of  these  two  hydrates,  by  actually  weighing  tho  proportion  of 
water  combined  with  the  oxide  of  nitrogen  in  the  two  canes. 

When  pttre  nitric  acid  is  spoken  of,  tho  acid  containing  one 
combining  proportion  of  water  to  one  of  the  oxide  of  nitrogen  is 
generally  rt'ferred  to*  This  acid  is  often  called  the  monohydrattd 
aeid,  an  adjective  which  may  be  applied  to  any  substance  w^hich 
is  coupled  with  a  single  molecule  of  water.  The  monohydjated 
acid  is  a  colorless,  transparent,  mobile  Uqiiid  of  spccitic  gravity 
1-52,  which  boils  at  S(>°  and  freezes  at  about  —'10°,  Light 
slowly  decom  poses  it,  and  a  very  moderate  heat  resolv**s  it,  not 
indeed  into  its  elements,  but  into  less  complex  compounds.  It 
0xert3  a  highly  corrosive  action  on  organic  bodies,  and  stains 
tl8sii«>R  contjiining  nitrogen  of  a  bright  orange  colour.  It  should 
be  handled  with  great  care,  as  it  bums  the  skin  like  a  hot  iron. 
It  absorbs  water  from  the  air.  "^Tien  mixed  with  water,  heat  is 
developed  from  the  mixture,  and  the  second  definite  hydrate  is 
fbimadi  4Hp,  Np^, — a  colorless,  strongly  acid  liquid,  having  a 
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^>ecifEc  gravity  of  1*42,  and  conttdning  60  per  cent,  of  suhyflroiis 
nitric  acid*  To  this  laat  hydrate  all  weaker  and  stronger  acids 
ar6  alike  converted  by  boiling.  The  ordinaTy  nitric  acid  of  com* 
metce  has  a  specific  gravity  of  either  1'40  or  1*42,  and  therefore 
oontains  either  56  or  60  per  cent,  of  anhydrous  nitric  add, 
Sometimes  its  specific  gravity  is  as  low  as  1*33  or  1*28.  What 
is  known  in  commerce  as  aqtta  fortis  is  a  still  weaker  nitric  acid 
containing  some  nitrous  acid  and  other  impurities. 

80.  Nitric  acid*  especially  when  hot,  gives  up  B  part  of  its 
oxygen  with  great  facility  to  substances  capable  of  combining 
with  oxygen.  When  a  substance  habitually  and  readily  imijarts 
oxygen  to  other  bodies  with  which  it  is  brought  in  contact,  it  ia 
culled  an  oxidizincf  at/cnt ;  and,  on  the  other  hand,  a  substance 
which  habitually  and  readily  takes  oxygen  out  of  other  substances 
with  which  it  is  brought  in  contact,  is  called  a  reducing  agent. 

^When  concentrated,  nitric  acid  acts  with  more  ener^'  than  when 
luted  witii  water ;  and  when  mixed  with  strong  sulphuric  acid 
(a  substance  which  tends  to  take  water  from  other  compounds), 
it  becomes  an  oxidizing  agent  of  intense  power.  We  have  seen 
liquid  nitric  acid  yield  a  part  of  its  oxygen  to  copper  with  evolu- 
tion of  nitric  oxide,  a  lower  member  of  the  series  (Exp.  37).  and 
we  have  also  learned  that  the  vapor  of  anhydrous  nitric  acid  will 
give  aH  its  oxygen  to  red-hot  copper,  nitrogen  being  set  free 
(§  73),  Most  of  the  metals  are  dissolved  by  nitric  acid,  with 
evolution  of  one  or  other  of  the  lower  oxides  of  nitrogen ;  and 
sulphur,  phosphorus,  arsenic,  carbon,  and  many  other  less  familiar 
elements  Eire  converted  bj  it  into  oxides.  Organic  substances 
are  oxidized  by  nitric  add  to  very  various  degi^ces  and  with  very 
various  products,  according  to  the  strength  and  temperature  of 
the  acid  employed, 

81,  Comhinlng  Weights  of  Chemical  Compounds, — ^Thc  atomic 
fight  of  oxygen,  or  the  weight  of  the  least  proportional  quan- 
tity of  oxyg^en  which  enters  into  combination,  ia  the  same  when 
h  unites  vrith  nitrogen  as  with  hydrogen.  It  is  a  general  fact, 
that  each  element  has  but  one  hn&t  combining  weight  with  each 
and  all  of  the  other  elements.  The  atomic  hypothesis  is  based 
upon  this  important  fuet.  This  hypothesis  attributes  to  th© 
im^vgined  atom  of  each  element  a  constant  proportional  weight. 
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cxpresfled  by  the  same  number  which  experiment  prore©  to  be 
the  combining  proportion  by  weight  of  the  element  taken  in 
finite,  ponderable  quantities.  In  this  sense  the  atom  of  oxygen 
is  said  to  be  16  times  as  heavy  as  the  atom  of  hydrogen,  and  the 
atom  of  nitrogen  14  times  as  heavy  a»  the  atom  of  hydrogen. 
The  combining  weight  of  a  chemical  compound  is  alwa3's  eqiml 
to  the  sum  of  the  atomic  weights  of  the  elementary  atoms  con^ 
tained  in  ita  molecule.  Thus  the  combining  weight  of  water, 
H,Q,  is  18=^2  +  16;  of  anhydrous  nitric  acid,  N,0„  is  108 
s2xl4-f5xl6;  of  monohydrated  nitric  acid,  11,0,  N,0,,  ii 
126=2+2x14  +  6x16, 

It  mQ«t  never  bo  forgotten  that  these  combining  weights  i^ 
not  almoin te  weights,  but  simply  express  the  projwrtions  by 
weight  in  which  the  elements  and  their  compounds  invariably 
nnite.  The  combining  weight  of  a  compound  is  directly  deduced 
from  the  composition  of  the  mohctiU^  or  least  quantity  of  the 
compound  which  can  exist  by  itself  uncombined,  or  take  part  in 
any  chemical  process.  To  correctly  determine  this  least  propor- 
tional quantity  oftem  requirea  a  large  accumulation  of  facta,  and 
a  just  collation  of  these  fact«,  such  as  is  possible  only  when  a 
wide  experience  is  added  to  a  keen  insight  into  the  principlea  of 
chemical  philosophy, 

82,  The  discussion  of  the  true  molecular  formula  of  chemical 
compounds  presents  difficulties  which  render  it  entirely  unsuit- 
able for  our  present  stage  of  progress  ;  nitric  acid,  however,  will 
enable  us  to  illustrate  one  of  the  difficulties  appertaining  to  the 
tubject.  When  nitric  acid  dissolves  oxide  of  lead  (Exp.  42)  the 
reaction  which  occurs  may  be  thus  symbolized : — 


: 


pbo,  N,o,    +    np 

Ifitraie  of  Uad,         Water  * 


PbO      +      Hp,  N,0, 
LAtharife.  Ifitric  acid. 

The  resulting  molecular  formuIoB  of  nitrate  of  lead  is  not  divisible 
by  any  number  but  unity,  and  therefore  caunot  he  made  simpler 
and  still  expresa  the  same  proportional  combination  of  ita  ele- 
ments. 

If  instead  of  the  oxide  of  lead  we  employ  the  oxide  of  silver, 
we  shall  find  it  possible  to  express  the  resulting  molecule  of 
nitrate  of  silver  by  two  formal®,  either  of  wiiich  will  represent 
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aoirectly  the  proportions  by  weight  in  which  the  elementa  have 
oombiaed  i — 

Ag,0     +     H,0,NA    =     AgO.NA     +     H,0;or 
Oxide  <yf  siher^     Nitric  acid.  Nitrate  of  silver.       Water. 

A^,0     +     H,O.N,0.     =       2AgN0,       +     H,0. 

N'ow  there  is  a  class  of  metals  which  enter  into  reactions  in  the 
manner  of  silver  in  the  above  equations ;  and  there  is  another  dass^ 
of  which  lead  may  be  taken  as  an  example ;  and  the  differenoe 
between  tlicso  two  classes  is  put  into  the  form  of  a  definition  by 
the  statement  that  silver  and  its  analogues  are  uni-valcnt  or 
mono^atomic^  and  that  lead  and  its  analogues  are  hi-v^lent  or 
h%-at<imicj — terms  which  are  intended  to  express  the  fact  that 
one  atom  of  any  metal  of  the  lead  class  is  capable  of  uniting  with 
twice  as  many  atoms  of  oxygen,  chlorine,  or  any  other  element 
as  one  atom  of  any  metal  of  the  silver  class. 

The  use  of  tlie  common  algebraic  signs  in  these  formuls  re* 
quire:}  no  explanation.  The  sign  of  equality  denotes  the  equality 
of  the  sum  of  the  atomic  weights  on  either  side  of  it ;  a  numeral 
on  the  left  of  a  group  of  symbols  is  intended  to  multiply  the  whole 
group,  unless  a  comma  divides  the  group,  in  which  case  the  nu- 
meral multiplies  that  part  of  the  group  on  the  left  of  the  comma ; 
brackets  are  sometimes  used,  as  in  algebra,  to  mark  the  extent 
of  the  multiplication*  The  formula  of  nitric  acid  itself  admita  of 
simpler  eixpression : 

H,O.N.O,  -  H^O.  =  2HN0.. 
The  first  formula  reminds  us  that  the  nitric  acid,  of  which  we 
apeak,  may,  by  indirect  wmiw,  he  macU  to  yiM  anhi^drous  nitric 
iseid  and  water ;  from  the  second  we  easily  leam  the  proportions 
in  which  the  three  elementa  are  united  by  weight ;  but  the  third, 
HNOj,  expresses  these  same  proportions  with  precision,  and  ia 
the  most  concise  of  the  three.  Now,  although  the  two  formulse 
H^,0,  and  HNO,  express  precisely  the  same  compound  of  tlie 
t  elements  in  the  same  fixed  proportions  by  weight,  the 
tfeiffht  of  nitric  acid  is  63  if  the  last  formula  be  cor- 
l«et,  und  12(}  if  the  dret  represents  the  real  molecide  of  the  acid. 
In  the  great  majority  of  chemical  processes  in  which  nitric  oeid  is 
ijiirol?vd^  that  proportional  weight  of  nitric  acid  is  necessary  which 
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is  implied  bj  the  molecular  formula  H.^N^O^ ;  but  there  are  not  o 
few  cases  in  which  the  proportional  weight  represented  by  tbo 
simpler  formula  HNO^  completely  accompUabea  the  actual  reac- 
tion, and  18  capable  of  rejiresentation  in  the  algebraic  form* 

To  illustrate  the  first  elaBs  of  cases  we  have  the  formula,  just 
given,  of  the  reaction  which  occurs  when  oxide  of  lead  b  dis- 
solved in  nitric  acid ;  a  leas  proportional  weight  of  nitric  acid 
than  H^NgO^  or  2HX0j,  will  not  answer  the  condiuons  of  the  re- 
action. Let  US  draw  from  the  preceding  sections  some  farther 
illustrations  of  this  class  of  nitric-acid  reactions.  When  copper 
(w^hose  sjmbol  is  Cu^  from  cuprum)  is  used  to  set  free  nitric 
oxide  from  nitiic  acid  (see  Exp.  37),  the  reaction  is  symbolized 
as  follows : — 

3Cu     H-     4H^l?r,0,      ==     2N0      +      SCuN^,     +     4n,0, 
Copptr,        Nitric  acid,    Nitric  ojcidt.   Nitrate  of  copper.    Water. 

When  nitrate  of  lead  is  decomposed  by  beat  into  litharge,  h}^>o- 
nitric  acid,  and  oxygen,  the  following  equation  represents  the 
chemical  change : — 

PbN.O,     =     PbO     +     2N0,     +     O. 
In  these  two  reactions  the  nitrates  of  copper  and  lead  contain  two 
combining  weights  of  nitrogen  and  six  of  oxygen  for  each  one  of 
the  mctaL 

To  illustrate  the  second  class  of  nitrie-acid  reactions,  we  have 
only  to  explain  more  fully  the  nature  of  some  of  tho  substances 
with  wbich  we  have  already  experimented.  As  the  nitrate  of 
lead  may  be  made  by  bringing  together  oxide  of  lend  and  mtrio 
acid,  wat^r  being  eliminated,  so  the  nitrates  of  potassium  and 
ftodiuni,  from  w^hich  we  originally  prepared  nitric  acid  (see 
Exp,  32),  may  be  formed  by  an  analogous,  though  not  identical, 
reaction.  The  composition  of  common  caustic  potash,  or  caustic 
Boda,  may  be  expressed  in  two  ways.  Some  chemists  represent 
these  substances  as  w)n8isting  of  oxide  of  potassium,  or  sodium, 
and  water,  and  therefore  prefer  the  formula  KX^^H^O;  while 
other  cheraisti*  divide  this  molecular  formula  by  two,  and  repre- 
sent caustic  potash  by  the  bnefcr  formula  KHO,  and  caustic  soda 
by  the  corresponding  symbol  NaHO.  In  those  formulas  K  stands 
for  Kalium,  the  Latin  name  of  potassium,  and  Ka  for  Natrium^ 


H,0 
Water. 

Water. 


the  Latin  name  of  aodiiim.  If  we  adopt  for  the  moment  theee 
6hort4^r  formula,  which  of  course  express  pref3isely  the  same  pro- 
portional  composition  by  weight  as  the  loDger,  the  reaction  by 

I  which  nitrate  of  potaasitim,  or  socUiimj  may  bo  prepared  will  ho 
written  as  foUow  » ; — 
KHO       +         HNO,         =  EKO,  + 

Caxtstic  potaih,        Nitric  acid.     Nitrate  of  pota^ium. 
mnO      H-         HNO3         8=  NaNO,         + 

Caustic  soda.  Nitric  acid.  Nitrate  of  sodium. 
From  this  nitiatc  of  potassium,  or  sodium,  nitiic  acid  is  prepared 
bee  Exp.  32)  by  treatiug  it  with  sulphuric  acid,  a  substance  whose 
composition  by  weight,  as  we  shall  hereafter  learn,  may  be  cor- 
reedy  expressed  by  the  formula  H^^SO^,  This  reaction  may  be 
thus  symbolized : — 

Nitrate  of pota^.  Sulph.amd.  Acidsidph.ofpotag,  Nitric  acid. 
By  subs titu Ling  Na  for  K  the  reaction  with  nitrate  of  sodium 
would  be  represented.  It  thus  appears  that  the  molecule  of  nitric 
acid,  which  will  represent  in  the  simplest  way  its  reactions  with 
caustic  potash,  will  not  represent  at  all  its  reactions  with  oxido 
of  lead,  unless  two  molecules  are  assumed  to  enter  into  every  re- 
action with  this  latter  substance.  The  formula  H^N^Og  is  the 
more  comprehensive,  because  nitrate  of  potassium  can  be  repre- 
CLented  by  the  formula  KjN^O,  as  accurately,  if  not  as  simply ,  aa 
by  tlio  formula  KNO,^ 

It  i«  noteworthy  that,  in  the  reactions  above  formulated,  one 
atom  or  combining;  proportional  weight  of  potassium,  or  sodium, 
fAaiigos  place  with  one  atom  of  hydrogen,  while  one  atom  of  lead 
0r  eopjier  replaces  two  atoms  of  hydrogen.  These  different  capa- 
cities of  the  other  elements  to  replace  hydrogen  are  of  great  im- 
portanoe  in  chemical  philosophy,  and  will  bo  more  fuUy  treated  of 
hereafter, 

83.  Nitrogm  and  Hifdrogm, — ^Amitionia-water,  such  as  we 
made  use  of  in  Exp.  33,  when  gently  heated,  evolves  a  very 
ptingtfnt,  colorless  goa,  which  now  claims  our  attention. 

Thii  ^  may  readily  be  prepared  as  follows : — Fill  a  flaak  of  250  to 
SOU  c.  c.  ci»piieity  about  half  full  of  the  strongest  ammonia-water  to  be 
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hod  at  tUe  dniggMt^a.  Clos©  the  flask  by  a  cork  provided  with  ft 
funnel-tube  and  an  exit-tube ;  carry  the  delivery-tube  to  the  bottom 
of  a  tail  bottle,  having  a  capacity  of  at  leodt  a  litre  and  tiUed  with 
frat^Tnentfi  of    quick-Erne.  p.     g- 

When  the  ammonia- water  ^' 

in  the  flask  ia  gently  boiled, 
the  gas  which  pof^ees  off 
will  be  deprived  of  mois- 
ture by  the  quick-lime  and 
mil  issue  dry  from  the 
bottle ;  it  may  be  collected 
either  over  mercury,  or  by 
di^plAcement,  as  ehown  in 
the  Ijgure  (Fi«?.  25).  The 
g^  IB  SO  ex  tamely  soluble 
in  water  that  it  ciinnot  be 
collected  over  the  ordinary 
water- pjin  ;  as  it  bna  little 
more  than  half  the  density 
of  atmospheric  air,  it  con 
be  readily  collected  by  diaplncement  When  thus  collected,  the  ftOB 
ehould  be  allowed  to  pass  into  the  very  loosely  corked  bottle,  until  a 
pifice  of  turmeric  paper,  held  at  the  mnuthf  h  immediately  turned 
brown ;  the  deli\  ery*tube  ia  then  withdrawn,  and  the  mouth  of  the 
bottle  is  tij^htly  closed  with  a  caoutchouc  or  glaaa  stopper. 

The  gas  thus  obtained  is  transparent  and  colorless,  possesacs 
an  extraordinarily  pungent  odor  which  provokes  tears,  and  has  an 
acrid,  alkaline  taste.  It  will  be  found  to  be  uninflaramahle,  and 
k,  of  course,  irrcspirable.  It  turns  rcid  litmus  to  blue  most  ener- 
getictilly.  Its  specific  gravity  as  deduced  from  actual  experiment 
k  8'C2;  a  litre  of  the  gas  weighs  0*7025  grm.  Uno  measure  of 
water  at  0*^  dissolvca  1049  measures  of  the  gas. 

The  ready  solubility  of  ammonia  gas  may  be  exhibited  as  follows; 
— Fill  ft  stout  glass  tube,  an  ignition-lube  for  example,  ov^er  mercury 
with  the  gas;  grasp  the  tube  by  the  tf»p,  and,  holding  it  upright,  dtp 
its  mouth  into  a  ve*«el  of  water.  The  water  will  rush  up  the  tube>  if 
the  gajs  be  pure,  with  a  force  which  might  break  the  tube,  if  too  thin. 

84.  The  solution  of  ammonia  exposed  to  the  air,  or  placed  in  a 
vacuum,  or  aimply  boiled,  loses  all  its  gaa.  As  its  ready  solubi- 
lity in  water  suggests  (compare  §  68),  the  liqucfuetion  of  the  gas 
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;  only  posiible  but  easy ;  the  gas  beoomes  a  colorless*  trans- 
ptirent^  mobile  liquid  at  (/";  under  a  pressure  of  4|  atmospheres, 
or  at  —40°  at  the  ordinnry  pressure.  This  liquid  freezca  at 
about  —  80°,  An  excellent  frctztr^  apph cable  on  both  the  lai^ 
and  smull  scale,  is  now  constructed,  in  which  the  cold  is  produced 
by  the  rapid  evaporation  of  Ut^itejicd  ammonia-gas.  It  is  the  low 
pressure  at  which  ammonia  becomes  a  liquid  which  renders  thiJi 
machine  possible* 

So,  But  of  what  is  this  gas,  whoso  properties  are  so  strikingly 
unlike  those  of  any  gas  previously  studied,  composed  t  The 
question  may  be  answered  by  the  following  experiment ; — 

With   the   exit-tube   of 


the  drying-bottle  of  an  ap- 
paratus titted  for  the  gene- 
ration of  ammonia  gas  as 
shown  in  the  figure  (Fig. 
^),  connect  a  tube  of  hard 
glass,  in  which  a  bulb  has 
been  blown  (see  Appendix, 
J  4).  Thrust  into  this  bulb 
a  piece  of  the  metal  potos- 
aiiim;  cause  ammonia  gas 
to  flow  through  the  bulb 
by  heating  the  contents  of 
the  fiiisk,  and  then  warm 
the  glass  bulb.  As  soon  as 
the  potassium  roelts^  it  be* 


Rg^m 


I  corered  with  a  brownish-green  film,  and  a  gas  begins  to  ^cape 
which  we  recogniie  as  hydrogen  by  lighting  it  at  the  mouth  of  the 
tube.  The  burning  gas  is  certainly  not  ammonia,  for  ammonia  is  not 
inflammable,  but,  as  the  odor  provej),  it  is  mixed  with  some  ammonia 
whieh  has  eiscaped  decomposition  by  the  potassium. 

To  separate  this  ammonia,  and  collect  tho  pure  hydrogen^  fill  a  test- 
tube,  about  14  cm.  long,  three-quarters  fuU  of  mercury ;  pour  water 
upon  the  mercury  till  the  tube  ia  full,  close  the  tube  with  tho  thumb^ 
and  insert  it  into  a  cnp  of  mercury  ;  with  the  outer  end  of  the  bulb- 
tube  {Jng.  36)  connect  a  suitable  delivery-tube  which  shall  dip  into  the 
oop  of  mercury  and  deliver  the  gas  into  the  teat- tube,  whose  upper 
qnsfter  ia  full  of  water.  The  gas  must  pass  through  this  water,  which 
teoa  the  hydrogen  iiom  intermixed  ammonia. 
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It  \9  absolutely  necoa^my  to  use  mercury  in  this  ejqf^riment,  bcrau^ 
if  the  delivery* tube  were  allowed  to  dip  into  water,  the  extreme  solu- 
bilitj  of  ammoma  in  wat^r  might  cau^e  the  water  to  »uck  buck  iota 
the  bulb  containing  the  heated  metal|  whereupon  an  explosion  would 
ineTitably  ensue. 

86.  Having  thus  learned  that  potassioni  will  set  free  hydrogen 
from  ammoma,  just  as  the  analogous  metal  E^odium  eliminates 
hydrogen  from  water,  we  shall  be  inclined  to  try  upon  araraonia 
the  same  powerful  agent  by  which  we  resolved  water  into  its 
elements— the  galvanic  current, 

A  glass  tube  (No.  1),  CO  to  80  cm.  lonpr^  open  at  one  end  nnd  clo 
■i  the  other,  is  bent  inU)  the  form  of  a  V  ;  tlii^  closed  linib  is  provided 
with  A  platioum-wire  fusi^d  ioto  the  frloRS,  through  which  the  wire 
passes,  to  terminnte  near  the  bend  of  the  V^  in 
a  slip  of  platinum  foil.  Fill  the  whole  of  the 
closed  limb  and  nearly  half  of  the  open  limb  of 
this  tulifl  with  ammonia- water,  to  which  has 
be^n  added  a  t^ospnonful  of  a  etronr^  solution 
of  sulphate  of  ammonium  in  ordor  to  increase 
its  conduct! ng-pow^er;  support  the  tube  as 
shown  in  the  figure  (Fig.  27),  and  connect  with 
the  platinum-wire  in  the  closed  limb  of  the 
tube  the  negative  or  zinc  pole  of  two  medium- 
si^ed  Bunsen  cells,  at  the  flami?  time  inserting 
a  pktinum-wire  aud  pi  file,  attnched  to  the  po- 
sitive or  carbon  pole,  in  the  open  limb,  Gaa 
quickly  collect^**  in  the  closed  limb.  Discon- 
nect the  battery-wires,  till  the  opi^n  limb  with  water,  close  it  with  the 
thumb,  and  by  inclining  the  tube  trauefer  the  gas  to  the  open  limb. 
On  applying  a  match  to  the  gas,  it  proves  to  be  indammable,  and  we 
recognise  it  w  ithout  difhculty  aa  hydrogen. 

The  experiment  is  now  rept-ated  with  the  electrodes  reversed;  the 
positive  pole  is  connected  with  the  sealed,  and  the  negative  with  the 
open  limb.  The  hydrogen,  which  is  disengaged  at  the  negative  pole, 
now  escapes  through  the  open  end  of  the  tube  into  the  mr.  while  a 
transparent  mid  colorless  gss,  previously  evolved  at  the  positive  pole 
in  the  open  limb  and  constquenily  lost^  is  now  collected  in  the  sealed 
end  of  the  apparatus^  The  quantity  of  gas  evolved  at  the  poajiive  pole 
is  comparatively  small,  but  in  hidf  an  hoar  enoufjrh  for  txiuuiuation 
will  probably  ha\  e  been  collected.   By  the  same  Muuiipulation  as  beforSf 
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ttonsfer  thU  gas  to  the  open  limb,  and  thrust  bto  it  a  ligbted  tnntch. 
It  is  neither  inflammable  nor  will  it  support  combuatiou,  and  baa  in 
itBeH  neith<ar  tuate  nor  smell ;  it  is  the  inert  nitrogen. 

A  cheaper  and  perfectly  elective  form  of  the  apparatus  uaed  in  this 
©xpenment  niaj  be  made  bv  closing  one  end  of  a  common  U-tube  with 
A  gt>od  caoutchouc  alopper^  throug-h  which  the  conducting  wire  is 
thrust. 

87.  These  experiments  have  conclusively  proved  hydrogen  and 
mlrogcn  to  he  constituents  of  ammonia;  and  it  now  becomes 
deairable  to  prove  synthetically  that  theae  two  gases  are  the  onlt/ 
constituents  of  ammonia ;  which  would  be  done,  if  ammonia 
oould  be  eiq>erimen tally  produced  by  the  direct  union  of  the  two 
gsses.  Unfortunately,  no  process  has  been  discovered  whereby 
immoma  can  be  directly  reproduced  from  free  hydrogen  and 
free  nitrogen.  The  following  expcrimenta,  however,  will  demon- 
ttrate  that  ammonia  is  actually  produced  from  materials  which 
tre  known  to  generate  a  mixture  of  hydrogen  and  nitrogen— or, 
more  stnctly,  which  are  known  to  be  capable  of  generating  both 
hydrogen  and  nitrogen : — 

£rp.  45. — Place  in  an  ignition-tube  an  intimate  mixture  of  3 
grammes  of  fint?  iron  filing*  with  0-2  gramme  of  caustic  pota«h  ;  adapt 
a  delivery-tube  (No.  7)  to  the  ignition-tube^  heat  the  contents  of  the 
tube  over  the  gas-lamp,  and  collect  tbe  gas  which  escapt^s  in  a  teat* 
tubc*  over  the  water-pan.  Examine  tbi»  gas,  which  will  prove  to  be 
the  inilanunable  hydrogen.  Caustic  potash,  aa  we  have  already 
learned  (p.  74),  consists  of  potassium,  hydrogen,  and  oxygen ;  at  a  high 
lemperHtnre,  metallic  iron  is  able  to  seize  upon  a  portion  of  the  oxygen 

i  this  compound,  netting  free  hydrogen,  which  finds  no  pltLLe  in  the 
'  combinations. 

Mxp.  40. — Heat  in  a  pecond  ignition- tube,  similarly  disposed,  a 
mixtuJMi  of  3  granmies  of  fine  iron  tilings  and  0'2  gramme  of  nitrate 
of  potassium,  and  collect  the  gas  a^  before*  over  water.  This  gas  has 
neither  taste  nor  ?mell,  and  when  tested  with  a  lighted  splinter  it  is 
found  to  be  uninflammable,  and  in  fuct  to  extin<2:ui'ith  the  taper.  It  is 
mtr(»gen.  Nitrate  of  polaa<4ium  contains,  as  has  been  already  stated 
(p.  7o),  potassium,  nitrogen,  and  oxygen ;  at  the  high  temperature 
employed  the  salt  i*  partially  decomposed,  the  metallic  iron  combines 
with  theoxv^i^n  of  the  nitrous  vapors  formed,  and  their  nitrogen  is  set 

M^  47.— In  a  third  ignition-tube,  heat  the  same  quantities  of  the 
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aame  innterinls  wMcli  bare  been  used  in  the  last  two  experintentay  at 

once  and  together.  A  delivery-tube  h  not  necessary  in  this  cnse  ;  the 
tube  may  be  held  in  the  wooden  nippera  by  the  open  end.  Neither 
hydrogen  nor  nitro^n  will  be  evolved  aa  before,  but  instead  of  them 
we  hftve  ammonia,  whose  presence  may  be  manifeated  by  holding  a 
bit  of  reddened  litmus-paper  at  the  mouth  of  the  tube.  The  intenaa 
alii  aline  reaction  of  the  g-ns,  and  its  odor,  aufficjently  diatinguiiib  it  from 
both  bydrog-en  and  nitrogen. 

88,  It  is  to  be  observed  that  the  hydrogen  and  nitrogen,  which 
refuse  U)  imito  when  onee  actually  in  the  free  state,  will  form  a 
chemical  compound^  aa  in  the  last  experimt^nt,  at  the  precise  in- 
atant  when  they  issue  from  other  compounds  of  which  they  formed 
part.  This  fact  is  expressed  by  saying  that  these  two  gases  will 
enter  into  combination  when  in  the  nascent  »taU — that  isj  at  the 
moment  of  birth. 

There  are  numerous  caaes  in  which  bodies  which  do  not  unite 
Tinder  ordinary  conditions  are  capable  of  chemical  combination  at 
the  instant  when  they  are  disengaged  from  other  compounds ;  and 
the  phr.ise  **  m  iJu  nascent  state  "  is  one  of  some  convenience, 
though  it  must  not  be  supposed  to  explain,  or  in  any  way  to 
account  for,  the  phenomena  with  reference  to  which  it  is  used. 

89.  The  exact  quantitative  analysis  of  ammonia  gas  will  afford 
proof  that  h3'drogen  and  nitrogen  are  the  sole  constituents 

of  this  gast  and  will  further  show  the  proportions  in  which  ^' 
they  are  combined.  Ammonia  is  completely  decomposed 
into  ita  elements  by  heat— the  heat  of  a  furnace  or  the 
heat  produced  by  a  continuous  discharge  of  electric  sparks. 
When,  therefore,  50  c.  c.  of  the  gas  arc  planed  in  a  eudi- 
ometer (gas -measure)  (Fig,  28),  and  sparks  are  passed 
between  the  platinum  points  by  means  of  a  Ruhmkorff 
upprtratiis^  the  gas  ia  finally  resolved  into  its  elements  j 
its  volume  increases  until  it  reaches  100  c.  c.,  or  double  ita  ori- 
ginal bulk,  when  it  remains  constant.  We  knoiv  that  a  pari,  at 
least,  of  theee  lOO  o*  o.  of  gas  is  hydrogen^  and  that  this  hydro- 
gen can  be  eliminated  from  the  gaseous  mixture  by  introducing 
oxygen  in  mifficient  quantity  to  convert  the  hydrogen  into  water, 
and  then  exploding  the  mixture.  Were  the  100  c.  c.  of  gas  all 
hydrog(*n,  5U  c.  c.  of  oxygen  would  convert  it  into  water.  That 
wo  may  bo  sure  of  haring  enotigh  oxygen,  let  lu  introduoe  into 
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p  eudiometer  50  c  c,  of  oxygen^  and  then  paaa  a  spark  to  explode 

le  mixture. 

After  the  explosion,  only  37*5  c,  c.  of  gas  will  remain  ;    112*5 

c  c  have  disappeared^  having  been  converted  into  water*     But 

of  theae  lost  112'5  c  e.  we  know  that  75  c,  c.  must  have  beea 

Lydrogen  and  37*5  c.  c,  oxygen,  in  accordance  with  the  known^ 

In  me  trie  composition  of  water  *  consequently,  the  100  c.  c.  of 
gas,  into  which  the  original  50  o.  e.  of  ammonia  were  i^lated, 
contained  75  c.  c.  of  hydrogen-  After  the  explosion,  there  re- 
mained 37*5  c.  c.  of  gas,  and  since  we  used  only  37*5  c,  c.  of 

ygen  out  of  50  c,  c.  added,  we  may  infer  that  12-5  c.  c.  of 

ygen  still  remain  in  the  residue  from  the  explosion.  On  intro- 
ducing into  the  eudiometer  a  little  pyrogallic  acid  (an  acid  used 
in  photography)  dissolved  in  water,  and  a  few  drops  of  a  solution 
of  caustic  potash,  these  1 2*5  c.  c.  of  oxygon  will  all  be  absorbed 
by  these  liquids,  and  there  will  remain  2o  c»  c.  of  a  colorless  gaa, 
which  may  readily  be  recognized  aa  pure  nitrogen*  The  original 
50  c,  C-  of  ammonia  have  therefore  yielded  75  c.  c.  of  hydrogen 

id  25  c.  c.  of  nitrogen,  and  the  c^^mposition  of  ammonia,  both 
weight  and  measure,  may  be  fully  expressed  by  the  diagram : 


1? 

^   + 

= 

H 
1 

14 

NH.     17 1 

H 

1 

This  composition  of  the  gaa  ia  verified  by  its  specific  gravity  as 
determined  by  expenmcnt^  nanjely,  8-62. 

Three  volumes  of  H  weigh    .         ♦         .        ♦     3 
One  volume  of  N  weighs  .         .         •         14 

Two  volumes  of  NH,  should  weigh       •         •     17 
One  volume  of  NH,  should  weigh     .         ,  8-6 

A  number  sufficiently  near  the  result  of  direct  experiment 

SJO-  The  knowledge,  thus  acquired,  of  the  compositiou  of  am- 
ooia  will  enable  us  to  recur  with  advantage  to  some  of  the  ex* 
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perimenta  performed  in  the  first  part  of  this  chapter.  Ammonia 
.  gas,  when  dissolved  in  water  (as  in  the  Liquor  Ammooise),  must  be 
Considered  to  be  in  combination  with  one  moleeale  of  water,  in 
the  form  of  the  compound  NHg,!!/^  or  NH^O.  This  compound 
may  be  supposed  to  be  dissolved  in  the  water  present  in  excess  of 
,T¥hat  is  nereseary  to  form  the  compound.  When  this  water  of 
ammonia  combines  with  nitric  acid,  as  in  Exp,  33,  to  form  the 
compound  we  have  called  nitrate  of  ammomum,  a  reaction  occurs 
precisely  similar  to  that  which  takes  place  where  caufltio  soda 
oombinos  with  nitric  acid  (p*  75) ;  but  in  order  to  bring  out  the 
resemblance,  the  elements  of  the  compound  of  ammonia  and  water 
must  be  so  arranged  as  to  exhibit  its  analogy  with  caustic  »oda,j 
whose  formula  is  NaHO,  For  that  purpose  its  formula  must  bel 
written  (NH  JH0»  so  that  the  group  of  elements  NH^  sball  standi 
in  the  formula  of  water  of  ammonia  where  the  element  sodium 
atands  in  the  formnla  of  caustic  soda.  The  combination  of  water 
of  ammonia  with  nitric  acid  may  then  be  represented  by  the 
equation 

(NHJHO      +      HNO,     =     (KHJNO,        +        H,0 
Ammonia-water >      Nitric  acid.  Nitrate  of  ammcntum.       Wafer, 

just  like 

NaHO  +  HKO,  =  NaNO.  -f  Hp. 

The  student  may  write  both  of  these  reactions  in  the  typical 

H  1 

manner  ;  the  simple  type  water,  ^  V  0,  is  the  only  one  needed  to 

represent  all  these  substances,  'whether  before  or  after  the  reac- 
tions which  take  place  between  them. 

91.  Ammonia- water  combines  with  nearly  all  the  acids  with 
which  soda  is  capable  of  combining,  forming  a  seriea  of  coui pounds 
in  which  the  group  of  atoms  NH^  plap  the  same  part  which  the 
single  atom  Na  plays  in  the  convieponding  compounds  of  sodiam. 
For  this  reason  it  has  been  found  cojivenient  to  give  to  this  group 
of  atoms  a  name  bearing  some  resembhinco  to  the  names  of 
metals,  and  it  baa  therefore  been  called  ammonium.  AmmiJiiium 
is  known  only  in  its  compounds ;  many  attempts  have  been  mad© 
to  obtain  it  in  a  free  state,  but  hitherto  in  vain  ;  as  soon  as  th€ 
group  of  atoms  escapes  ^m  combinatioii,  it  is  resolved  into  a[n>- 
iDonia  and  hydrogeti« 
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The  important  eompo\inds  into  which  ammonium  enters,  com- 
monly called  the  #a?«5  of  ammonium,  will  be  studied  herefit'tcr  in 
aediatd  connexion  with  the  analogous  salt*  of  sodium  and 
(itim.  Already,  however,  it  will  he  possible  to  verify  the 
Dent  of  §  66,  to  the  effect  that  nitrous  oxide  contains  **  all 
be  elements,  besides  tiiose  of  water,  which  enter  into  the  compo- 
dtion  of  nitrate  of  ammonium,  and  therefore  of  it«  constituents, 
nitric  acid  and  ammonia-water/*  The  reaction  last  given  shows 
that  ft  molecule  of  nitrate  of  ammonium  contains  all  the  elements 
of  a  molecule  of  nitric  acid  and  a  molecule  of  ammonia* water, 
I  one  molecnle  of  water.  If  the  formulfle  of  ammonia^gas  and 
liitmte of  ammonium  have  been  correctly  determined,  it  will  be  easy 
to  exhibit  in  an  equation  the  actual  result  of  Exp.  34,  as  follows : — 

(NHJNO,  =  N3O  +  2Kp. 
We  thus  link  together  several  distinct  experiments,  and  confirm 
the  determinations  previously  made  of  the  composition  of  nitric 
acid,  nitrous  oxide,  ammonia,  and  water,  by  showing  that  the 
representative  formulae  of  these  substances  exhibit  with  perfect 
iion  reactions  already  well  known  to  us,  but  other  than  those 
Dm  which  the  formula?  in  question  were  originally  derived. 
92.  Ammonia  exists  in  very  minute  quantity  in  the  atmo* 
bere,  and  hence  in  rain-water,  fog,  and  dew.  The  proportion 
of  ammonia  in  rain-water  has  been  variously  given  by  different 
obseirers,  from  3-49  parts  to  0-744  part  of  ammonia  in  1,000^000 
parts  of  water.  The  water  of  fog  and  dew  contains  a  lai^ger 
proportional  quantity  of  ammonia ;  on  account  of  the  high  solu- 
bility of  the  gas,  the  proportion  of  ammonia  in  water  derived 
from  the  atmosphere  is  greater,  the  smaller  the  fsill  of  water. 
Ammonia  is  given  off  by  putrefying  animal  and  vegetable  sub- 
stances containing  nitrogen ;  and  almost  every  process  of  bIow 
oxidation  in  the  presence  of  air  and  moisture  is  attended  with  the 
formation  of  ammonia  or  ammonia  salts.  Moistened  iron-filings, 
if  exposed  to  the  air,  become  rusty;  and  this  rust  is  found  to 
Dontain  a  small  quantity  of  ammonia.  When  some  of  the  metals, 
by  preference  tin,  zinc,  or  iron,  are  dissolved  in  dilute  nitric 
•cid,  the  oxidation  of  the  metal  is  frequently  accompanied,  to  a 
greater  or  less  extent,  by  the  production  of  ammonia.  But  the 
Met  source  of  ammonia  and  its  compounds  is  the  decompositioiif 
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either  by  putrefaotion  or  dee  tractive  diatiUation,  of  nitrogenoua 
organic  matter*  Tlie  distillation  of  bones  and  animal  refuse,  for 
the  purpose  of  making  bone-black,  yields  a  largo  amount  of  am- 
mooiacal  liquor,  which  was  formerly  the  principal  source  of  the 
compoundiJ  of  ammonia ;  the  horns  of  deer  used  to  be  thus  dis- 
tilled, wbonco  the  name  **  bailshom.*'  At  present,  the  destruc- 
tive distiUution  of  coal  in  gas-works  furnishes  the  great  hulk  of 
ummoiiia  compounds  used  in  the  arts.  The  ammoniacal  liquor 
of  the  gas-works  is  water  contaminated  with  tarry  matters,  and 
holding  in  solution  a  small  proportion  of  very  volatile  ammonium 
salt-a.  These  volutile  gaits  are  distilled  off,  by  application  of  heat, 
into  dilute  sulphuric  or  muriatic  acid,  aud  the  sulphate,  or  chlo- 
ride, of  ammonium  thus  formed  is  obtained  from  the  dilute  liquid 
by  evaporation  and  crystallization.  These  salts  will  be  studied  in 
detail  hereafter. 

93.  The  solution  of  ammonia-gas  in  water  is  a  reagent  con* 
tinually  required,  as  a  test,  in  the  laboratory,  and  much  u^ed  in 
the  arts.  The  solution  is  colorless,  in  tensely  alkaline,  has  a 
caustic  tastCt  and,  wben  concentrated,  lihsters  the  skin.  The  solu- 
tion is  lighter  tban  water,  and  so  much  the  lighter  in  proportion 
to  the  amount  of  ammonia  it  contains  ;  for  this  reason  its  strength 
may  be  accurately  determined  by  its  specific  gravity.  Tables  of 
the  relation  of  strength  to  specific  gravity  may  be  found  in  che- 
mical dictionaries.  The  applications  of  ammonia- water  are  nu- 
merous and  various ;  it  is  an  ingredient  in  many  pharmaceutical 
preparations ;  applied  to  the  skin,  it  is  an  irritant,  and,  when 
very  strong,  even  a  caustic;  its  pungent  odor  is  reviving  and 
stimulating;  in  veterinary  practice  it  is  a  useful  medicament; 
on  account  of  its  alkalinity  it  is  used  iu  removing  ,grease  from 
cloth,  and  in  restoring  colors  which  have  been  changed  by  acida. 
The  solution  is  ordinarily  prepared  from  a  mixture  of  chloride,  or 
sulphate  of  ammonium,  with  slaked  lime* 

^Xft.  48.— Mix  intimately  25  grma  of  chloride  of  ammonium,  t  iub- 
•tanoe  generally  sold  under  thy  narat*  of  sal-am momav^  with  nbout  the 
same  weight  of  cold  freshly  slaked  lime.  Introduce  the  mixture  into 
ft  flask  of  500  c.c,  co parity,  and  pkce  the  flofik  on  a  sand*bath  over 
thp  gaa-lamp.  If  a  amailer  flsiik  be  used,  the  quantities  of  the  mate- 
rials must|  of  course,  be  proportionally  diminished.    Close  the  mouth 


MAKING  AKKOiriA-irATEB. 


85 


of  tb«  flflsk  with  a  g^od  cork,  prorided  witH  a  deliTery-tube  ao  bent  m 
to  connect  conveniently,  by  me*ijj«  of  a  ctioulchouc  connector,  with  the 
first  of  the  series  of  small  three-necked  bottles  (Woiilfe'e  bottles)  re- 
preaentcd  in  Fig.  29, 

Fig.  29L 


The  first  of  this  acriea  of  bottles  i»  gmaller  than  the  rent,  ami  ie  not 
lilled  so  fall  of  water  as  the  others ;  it  should  be  kept  cool  by  iiiuner- 
(dnn  in  cold  wnter ;  the  delivery-tube  coming  from  the  (lit^k  int^i  thi<i 
bottle  mii<»t  not  dip  into  the  water  at  all,  so  that  it  will  be  inipo^sible 
for  uny  water  Uy  siiek  bavk  into  the  tlask^  should  the  gas  suddenly 
ctjiis<*  to  come  off  from  ihe  dry  mixture.  The  construction  of  the 
ftpparatUH  Is  easily  to  be  tindprstood  from  thefijjure;  the  opvn  tube 
which  dip«  beneath  ihe  water  in  each  bottle  is  a  safet^'-tube ^  which,  by 
adniiltintj  air  intn  any  bottle  in  which  a  partial  vacuum  may  litippen  lo 
be  cr<*atf*d  by  rapid  absorption^  preventa  the  contents  of  the  ^uc^ceedingr 
btittle  fi'OTO  iiowingr  bajek  into  it*  In  oi-uer  to  show  the  actittn  of  the 
afety-tubes,  the  open  tube  in  the  first  bottle  may  be  cloi»ed  for  a 
bomH()t*with  the  tin»rf'r  atid  thy  buttle  aliaken  wry  j^^enfly.  VVuler 
will  inimedmtely  be  forced  back  from  the  second  bottle  through  the 
ronrK-ctintr^inhw  to  fill  the  vacuum  caused  by  the  abstirption  nf  the 
1^  ;  btit  the  moment  the  tinjjer  is  r«  inoVfd  from  the  safiity- 

I  <  r  ibrotij^b  tbt*  lattjer  tr>  till  the  vacuum,  and  the  water 

in  iho  conntvtin^-tube  will  full  back  into  the  fecond  bottle. 

The  ammonia-gais  cannot  avoid  four  s^eparate  contacts  with  water  as 
it  pa>«^iw  throujfh  Ihe  apparatus,  so  that  all  the  g^as  is  mms  to  be  ab- 
sorbed ;  the  conUmta  of  the  first  bottle  will  not  be  ad  pure  as  thu^«  oj 
the  6iicc<?eding,  This  apparatus,  or  modifications  of  it,  is  used  on  tins 
lli:  _  '    ns  well  as  the  ^mall,  in  opcrat  ods  which  involve  the  abs<u"p- 

1^  by  a  li<|uid  capable  ordi^soh-ing  it,    Wh»^n  a  large  f^uaii- 
iXy  ul  ^'ii3  is  continuously  delivered  from  the  g'<-*n  era  ting'  ves<c!j  the 
Acm  ctm  be  made  equally  continuous  by  sucee^vely  removing 
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the  bottle  nearest  the  flask  as  soon  as  the  liquid  in  it  ia  saturated^  and 
aii^mg  a  fre^h  bottle  at  tb«  other  end  of  the  series.  On  beating  tb© 
^Haskt  the  ammonia-^ras  will  be  aet  free  from  the  mixttire,  and  in  this 
experiment  wUl  be  mostly  absorbed  in  the  first  and  second  Woulfe- 
V>ttles.  It  is  evident  that  the  Woulfe-bottles  in  thia  experiment  might 
be  replaced  by  common  bottles  with  moutht  wide  enough  to  admit 
Gorkd  pierced  with  three  holes. 

The  reaction   between   the  cbloride   of  ammonium  and  the 
alaked  lime  is  represented  by  the  following  equations : — 

2NH,C1  +  CaH.p,  =  2NH,  +  CaCl,  -f-  2Kp 
Chlonih  of  Slaked  lime.  Ammonia*  (JJJorid^  of  WaUr, 
ammonium,  mlcium* 

ClUoride  of  ammonium  is  a  compound  which  may  be  obtained  by 
bringing  together  djy  ammonia,  NH,,  and  dry  muriatic  acid  gaa 
EOl  (eee  Exp.  60). 

Nfl,  +  Ha  ==  NH,HC1  =  NH,a 
It  may  obviously  be  regarded  as  a  compound  of  the  group  called 
ammonium,  NH^,  with  the  element  chlorine;  from  tbis  view  ia 
derived  the  name  chloride  of  ammonium.  Slaked  lime  is  pre- 
pared from  water  and  quicklime,  a  substance  which  is  chemically 
the  oxide  of  the  metal  calcium, 

CaO  +  H,0  =  CaO,H,0  ^  CaH^O,. 
94.  In  each  of  the  last  two  chemical  equatious,  two  expressioni 
are  given  for  a  single  subatanco ;  in  the  lirst  case,  chloride  of 
ammonium  is  formulated  in  two  different  ways,  and  in  the^second, 
slaked  lime.  We  may  now  inquire  into  the  meaning  of  this 
diversity  of  expression  for  one  and  the  same  eubstanoe.  A  for- 
Diultt  which  simply  represents  the  number  of  atoms  of  each  ele- 
ment in  one  molecule  of  any  substance,  as  determined  by  its 
analysis,  is  called  an  emj>ii^i&il  formula.  The  truth  of  such  a 
formula  dejwnds  solely  upon  the  correct  performance  of  the  ana- 
lytical process,  and  upon  the  accuracy  with  which  the  atomic 
weights  have  been  determined.  Concerning  such  formulas  there 
IB  httle  room  for  difference  of  opinion;  they  express  all  that  we 
iw.tiially  hnmo  of  the  elementary  composition  of  any  c4)mpound 
body.  But  chemists  have  endeavoured  to  contrive  formulae  which 
should  exproiia  something  more  than  the  mere  elementary  oom^ 


nCPIBICAL  AHD  BATtOVAL  PORMUUl. 


tion  by  weight— which  should  recall  the  materialB  from  which 
the  furmulated  substance  wa8  made,  and  prophesy  the  products  of 

its  decompoeition — ^which  should  not  only  name  and  number  the 

atoms  of  the  substance,  but  should  also  suggest  such  a  group! Tig 

or  arrangement  of  those  atoms  as  might  serve  to  interpret  its 

known   reactions.     Such  formulcD  are  called  rational  formulflB, 

Thus  NaHO  is  the   empirical  formula  of  caustic  soda,  while 

^a^O^jO  is  a  rational  formula  of  the  same  substance,  which 

calls  the  facts  that  it  may  be  made  from  anhydrous  oxide  of 

sodium  and  water,  and  that  it  enters  into  many  reactions   in 

which  tlie  Ka^O  goes  one  way  and  the  H^O  another* 

Na  \ 
Another  rational  formula  of  the  same  substance  is  ^    [-0, 

which  suggests  many  reactions  in  which  caustic  soda  is  inrolTed 
either  as  product  or  ingredient — for  example,  the  decomposition 
of  water  by  metaJHc  sodium  (see  Exp*  14),  which  may  be  thus 
written  I — 

5|0  +  Na   =  ^^|0  +  H, 


We  shall  hereafter  meet  with  many  such  reactions,  in  which  an 
fttom  of  somum  replaces  an  atom  of  hydrogen;   the  formula 

Y    I  0  suggests  this  large  class  of  reactions  by  implying  that 

^caustic  soda  is  itself  conatitoted  as  water  in  which  an  atom  of 
sodium  has  rep]BGe4  an  atom  of  hydrogen,  6uch  formula  as 
}■  *  »  ,  rbO»N,0,,  No,0,N,0,,  and  Nap.Hp,  are  called 
.  because  thoy  represent  the&e  bodies  as  of  a  dual  nature 
i  being  made  up  of  two  oxides  which  were  distinct  before 

E  they  were  brought  together  to  form  the  compound,  and  will  be 

tdistiiict  when  separately  extracted  from  it ;  in  a  dualistic  formula 
heae  two  distinct  parta  are  conventionally  represented  as  having 

Imme  separate  existence  within  the  com|K>und  itself.  The  sup- 
position is  not  unnatural ;  thus,  for  example,  common  plaster  of 
Porta  ia  a  substance  containing  the  metal  calcium  and  the  ele- 
mciits  sulphur  and  oxygen  in  the  proportions  by  weight  which 
ore  correctly  expressed  by  the  formula  CaSO^ ;  but  this  substance 
may  be  made  by  methods  which  suggest  another  formula.  If  we 
put  together  quicklime  CaO,  and  anhydrous  sulphuric  acid  80^  in 
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due  proportions,  under  suitable  conditions,  plaster  of  PanB,  or,  aa 
its  chemical  name  i%  sulphate  of  calcium,  resulta — 
CaO  +  SO^  =^  CaO,SO,; 

or  if  we  mix  slaked  lime  CaO,Hj,0  with  strong  eulphuric  acid 
HjOjSOj,,  in  proper  proportions,  at  a  sui table  temperatiu'e,  we 
shall  again  obtain  sulphate  of  calcium,  and  water  will  be  elimi- 
nated:— 

CaO,H,0  +  H^O^SO^  ^  CaO.SO,  +  2Hp. 

Accordingly  we  find  that  tbe  great  majority  of  themists  hare 
hitlierto  written  the  forraulfle  of  sulphate  of  calcium,  bydrated 
oxide  of  calcium,  and  hydra  ted  sulpburic  acid,  in  confonnity  with 
the  suggestion  of  these  reactions,  CaO, SO,,  CaO,H^O,  and 
Hp,SO^  respectively.  Of  positive  knowledge  concerning  the 
actual  grouping  of  the  imaginary  atoms  which  arc  supposed  to 
make  np  the  bypotbetical  molecule  of  a  compound  body,  we  have 
absolutely  none,  and  it  must  never  be  forgotten  that  a  rational 
formula  is  merely  a  suggestion  of  some  of  the  chemical  processes 
in  which  the  substance  formulated  is  capable  of  taking  part.  In 
some  cases  the  rational  formula  nmy  point  to  the  majority  of  all 
known  transformations  of  the  substance;  but  generally  it  suggests 
only  a  few  of  the  possible  cbangcs.  Since  a  rational  formula 
never  represents  a  fact,  but  only  an  bTrpothesis  or  opinion,  it  is  to 
be  expected  that  a  great  diversity  of  rational  formulae  should  be 
in  use  among  chemists :  and  this  is  re»alJy  the  case. 

The  dusilistic  view,  above  illustrated,  bas  long  been,  and  still 
is,  the  prevailing  view  of  the  proxirmtU  composition  of  inoi-ganic 
compounds;  but  in  tbe  chemistry  of  the  very  numerous  com- 
pounds which  tbe  element  carbon  fonns  with  oxygen,  hydrogen, 
and  nitrogen,  a  different  view,  called  the  doctrine  of  iypes,  widely 
obtains,  and  has  been  adopted  by  not  a  few  chemists  as  affording 
the  best  theoretical  representation  of  all  chemical  combinationsi 
whether  in  the  inorganic  or  organic  kingdom.  According  to 
this  doctrine  every  pos&ible  chemical  combination  may  bo  ima- 
gined to  be  built  upnn  the  plan,  or  framed  upon  the  Xy[^  or  model, 
of  some  one  of  the  four  suhstauces,  chlorhydric  acid,  water,  am- 
monia, and  marsh -gas.  These  will  all  shortly  be  to  us  well-known 
substnnooB  i  but  the  moat  important  of  thesie  types  is  water,  a 
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body  with  whose  composition  we  are  ah'ead/  familiar ;  we  are 
therefore  competent  to  write  upon  the  t}'pe  of  water  the  formulae 
of  several  substances  with  which  we  have  akeadj  dealt,  and  which 
are  clas&iiied  under  this  type ; — 

Waters w J  v  0=one  molecule;    „*  [  0,=two  molecules. 

Caustic  Soda=^o^    I  0=one  molecule* 

Hydrated  Oxide  of  Calcium,  slaked  lime,=g^  I  0,=1  molecule, 

Monohydrated  Nitric  acid=  ji^\  0=one  moleculei 

Nitrate  of  Potassium    ^  ^  j-  O=one  molecule. 

Nitrate  of  Lead="  ^^^^^  I  0^=one  molecule. 

Sulphuric  acid^'^xi*  >  O^^one  molecule. 

Sulphate  of  Calcium  j,  »  I  0^=one  molecule. 

In  these  formul©  it  is  to  be  observed  that  K,  Na,  and  NO^  re- 
place one  atom  of  hydrogen  in  one  molecule  of  water^  while  Ca, 
Pb,  and  SO,  replace  two  atoms  of  hydrogen  in  two  molecules  of 
water.  Facts  of  this  class  will  accumulate  as  we  advance,  and 
will  be  the  subject  of  future  discussion.  The  typical  notation  la 
doubtless  capable  of  expressing,  in  a  logical  and  consistent  system, 
the  greater  part  of  the  reactions  of  inorganic  as  well  as  of  orgitnio 
chemistry;  but  at  present  it  hnds  its  best  apphcation  in  the  che- 
mistry of  the  comix>unds  of  carbon,  and  has  gained  but  Httle  foot- 
hold in  the  great  departments  of  mineral  and  industrial  chemJBtry. 

The  need  of  rational  formuloB  is  much  more  urgently  felt  in 
that  department  of  chcmistr}%  called  vrffinuc^  which  treats  of  the 

oruistry  of  carbou,  than  in  the  wider  held  of  mineral  and  iuor- 

lie  chemistry.  Among  the  very  numerous  compoundit  of  car- 
on  there  are  many  cashes  in  which  one  empirical  formula  repre- 
Jient^  not  one  compound,  but  several ;  hence  it  becomes  of  con- 
aequenee  to  determine,  or  to  guess,  how  tbe  atoms  of  a  compound 
sire  arranged,  as  well  as  to  know  what  and  how  many  the  atoms 
sre.      The  diversity  of  opinion  concerning  this  arrangement  of 
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Btams  is  eo  great,  and  the  possibk  modes  of  grouping  the  nume- 
rous atoms  wliich  often  enter  into  organic  compounds  are  so  many, 
that  the  numbar  of  rational  tbrmuliB  proposed  for  any  organic 
substance  is  commonly  large  in  proportion  to  the  thoroughness 
with  which  the  substance  has  been  studied*  For  acetic  aeid,  for 
example,  one  of  the  best-known  of  the  compounds  of  carbon  with 
oxygen  and  hydrrjgen,  no  less  than  nineteen  different  rational 
fonuulce  have  been  proposed. 

Remembering  that  a  rational  formula  is  never  to  be  regarded 
as  the  expression  of  an  absolute  truth,  but  only  as  a  guide  in 
classification,  an  aid  to  the  memory^  and  a  help  in  instruction, 
and  holding  fast  to  the  empirieal  formula  as  containing  all  the 
results  of  actual  observation  and  experiment,  we  shall  endeavor 
to  familiarize  the  student  with  both  the  dualistie  and  typical 
guesses  at  the  hidden  mysteries  of  chemical  processes  and  the 
unknowable  structure  of  chemical  compounds,  giving  the  prefe- 
rence rather  to  the  duaEstic  view,  as  being  that  which  at  the 
present  moment  prevails  in  the  great  bulk  of  chemical  literature, 
and  has  become  incorporated  into  the  language  of  the  chemical 
arts. 

Lest  any  doubt  should  suggest  itself  to  the  student's  mind  as 
to  the  vaJae  of  symbolic  formulfe,  lot  it  be  observed  that  they 
express  the  elementary  composition  of  a  compound  much  more 
tersely  thun  words  can,  that  they  are  written  and  read  more 
rapidly  than  the  sentences  of  the  same  signification  would  be, 
and  that  by  their  brevity,  clearness,  and  precision  they  greatly 
facilitate  the  comparative  study  and  comprehensive  classifi cation 
of  chemical  compounds.  Again,  the  chemical  ei^nfttioti^^  of  whose 
construction  we  have  already  had  several  examples,  enable  us  to 
set  forth  with  precision  the  ohanges  which  accompany  complicated, 
as  well  as  simple,  reactions.  Thus  the  somewhat  complex  de- 
composition of  nitric  acid  by  copper  takes  definite  form  in  the 
appropriate  equation  which  has  been  given  above  (p,  74),  and  the 
very  simple  reaction  by  which  nitric  oxide  yields  red  fumes  of 
hyponitric  acid  in  contact  with  air  or  oxygen  is  oonciflely  stated 
by  the  simple  equation  NO-f  OssNO^. 

The  chemistry  of  the  analysis  of  nitric  oxide  by  potasmnm 
(§  70)  is  all  condensed  into  the  equation  NO-hK,=K,0  +  N» 
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a  litUe  ice-cold  water  is  added  to  liquid  hyponitric  acid 
(Exp.  43),  the  reaction  which  occurs  is  vqtj  concisely  eet  forth 
in  the  equation ; — 
Empirical:         2N0^     -h      Ufi      =      HNO^      +      HND. 

and,  nitrous  acid* 

Dualifitic:  4N0,     +  2H,0    =    H,0,N,0,  +   H^O,N,0^, 

But  besides  having  all  the  adrantageB  of  a  short  handf  chemical 
Bjrmbols  are  susceptible  of  another  aj)plication  of  hardly  less  im- 
portance ;  they  often  direct  the  cht^mist  beforehand  to  the  most 
perfect  ex|ieriment  among  many  similarj  or  point  out  in  antioipo- 
fion  the  possibility  of  certain  methods  of  research,  and  the  in- 
ritable  ^iiitlessness  of  others.  Thus  the  equation 
N,0,  +  5Cu  =  K,  +  5CuO 
aciuaUy  directs  the  chemist  to  the  due  proportion  of  copper  for 
the  exact  decomposition  of  anhydrous  nitric  acid  (§  73) ;  neither 
four,  nor  six,  nor  any  other  number  than  five,  parts  of  copper^ 
It'  ' '  _'  a  perfect  reaction  without  excess  of  either  ingredient, 
I'i  ► ,  an  excess  of  copper  docs  no  harm,  and  is  always 

i]«ed  to  make  sure  of  the  decomposition. 

The<  student  should  endeavor,  from  the  beginning,  to  familiarize 
himself  with  the  use  of  chemical  symbols  and  equations,  and  to 
this  end  he  should  invariably  write  the  formula  of  every  reaction 
described  or  actually  witnessed  in  the  execution  of  an  experiment. 


CHAPTER  Vn. 

OHLOBETn&IO    4CII>. 

&5,  ICttiiatio  (sea-salt)  acid,  called  in  modem  nomenclature 
tlorhydric  acid,  is  a  liquid  which  has  been  known  for  centuries, 
lid  ts  to-day  an  article  of  commerce,  larja;ely  employed  in  the 
useful  arts.     The  pure  acid  is  a  gas^  as  ammonia  is  ;    the  liquid 
ic  acid  of  commerce  is  only  an  aqueous  solution  of  tlua 
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Fig.  30. 


gas,  and  gives  it  up  when  heated,  precisely  as  ammonia- water 
yields  ammoDia-gjis. 

This  operation  may  be  conveniently  performed  in  the  apparatUA 
fihowtt  in  Fig.  30.  About 
250  c,  c.  of  the  commercial 
acid  ia  poured  into  the  l^ask| 
which  ia  then  moderately 
heated ;  the  gtw  disengaged 
is  charored  with  aqueous  va- 
por, which  needs  t^  be  re- 
moved before  the  gaa  is  col- 
lected. For  til  is  purpose 
the  delivery-tube  is  carried 
to  the  bottom  of  a  bottle 
filled  with  pieres  of  pumifje- 
stone  SHtiirated  with  strong 
sulphuric  acid  ;  the  nioii*ture 
of  the  ttiis  U  greedily  Ab- 
sorbed by  the  larire  surface 
of  add  with  wliivh  the  pas 
comes  in  contact,  tvi  it  ia  forced  upward  through  the  acid-sonked  stone. 
Thti*  dr>',  colorless,  transpan3ut  p:a8  must  be  collected  ovep  mercury ,  for 
it  is  extremely  soluble  iu  water, 

96.  The  gas  is  strongly  acid  in  tasto  and  reaction  on  vegetable 
eoloriii,  provokes  violent  coughing,  and  is  wholly  irrcspi ruble.  It 
is  neither  combnstible  nor  will  it  support  combustion.  The  gas 
is  somewhat  heavier  than  air;  it«  spjK'iBc  gravity  referrtHl  to 
hydrogen,  as  determined  by  experiment,  is  18-12,  its  thcon^ieal 
density  lji*ing  18*25  ;  it  is  possible,  though  ntjt  convenimt,  to 
collect  it  by  downward  displacement.  It  forms  opnqne,  white 
fumes  in  the  air,  owing  to  its  union  with,  and  condensation  of, 
atmospheric  moisture.  Under  a  pressure  of  40  atmospheres,  at  a 
temperature  of  10^^  chlorhydric  acid  gus  is  condensed  into  a  color- 
less liquid.  Its  great  solubility  in  water  would  lead  us  to  expect 
that  it  could  be  readily  reduced  t4j  the  liquid  state  ;  but,  on  the 
contrary,  it  can  be  condensed  only  with  difficulty,  At  0°,  one 
voltmie  of  water  diiisolves  about  500  volnmes  of  chlorhydric 
aeid  gua;  at  common  temperatures,  something  more  than  400. 
The  specific  gravity  of  the  t>olution  is  greater  than  that  of  water, 
aiid  the  more  concentrated  the  solution  the  higher  the  spoci^c 
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grsTily ;  so  that  the  strength  of  any  sample  of  the  commercial  acid 
may  be  ascertained  by  taking  its  specific  gravity.  Tables  for  this 
US4?  will  be  fouod  in  chemical  dictionaries. 

Til©  avidity  of  waler  for  chlorhydric  acid  gas  may  be  neatly 
sbowu  b^  thrusting  a  bit  of  ice  into  a  small  cylinder  of  the  dry- 
gas  standing  over  mercury ;  the  ice  instantly  nielt^,  and  the  gas 
as  quickly  disappears.  A  solution  of  the  acid  coutuimiig  20*2 
per  cent,  of  the  gas,  and  having  a  specific  gran  ty  of  1-104,  distils 
unchanged  at  a  temperature  of  about  IIP;  stronger  solutions 
tban  this,  on  being  heated  under  the  ordinary  atmospheric  pres- 
sure^ lose  gas  until  reduced  to  this  strength ;  weaker  solutions 
lo6«  water  until  raised  to  this  degree  of  concentration.  This 
stable  solution,  which  dl^^tils  unchanged,  is  supposed  to  be  a  deii* 
Bite  compound  of  the  dry  gas  and  water,  whoi^e  composition  the 
formula  HCl-f  BH^O  would  correctly  represent. 

97*  We  propose  to  answer  the  question — of  what  is  chlor- 
hydric  acid  conj posed — by  a  partial  analysis  and  a  complete 
sjrntbesis* 

One  of  tht*  *?lement8  of  this  gns  ran  be  isolated  by  a  method  which 
we  have  alxei^ly  applied  to  the  annlysis  of  ammonia.     It  is  only  iiecea- 
to  petnove  the  delivery-tube  from  the  apparatus  already  used  to 

leratt?  the  dry  gas  (Fig.  30),  and  to  fix  in  its  place  a  bulb-tubd  of 
lufd   glass,   containing   a 

piece    of  potassium.     As  Yig.  31* 

soon  as  the  acid  gas  reaches  n 

the  potiismum,  the   metal  I 

becomes  covered  with  a 
white  incrustation  ;  and  if 
the  bulb  be  now  very  gently 
healed  {1^1  g-  31),  the  potas- 
sium (iiiniiy  and  taking  fire, 
bums  with  a  violet  light 
Duiing  the  reaction  the 
chlorhydric  acid  is  decom- 
poie<i,  an  inflammable  gas, 
fttsily  recognized  as  hydro- 
gen, is  evolved,  and  m&y 
lie  lighted  at  the   end  of 


lighted 
Ibe  tube. 
The  metAl  sodium  produces  similar  results^  but  at  a  much  higher 
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tempeonture.  A  salutjoa  of  aodium  in  mercury,  known  amongst  che- 
mi^^ts  aa  aDdiimi-amal^^am,  will  however  bring  about  tbt*  decomposition 
of  tbo  acid  at  the  ordinary  temperature.  This  solution  is  best  pre- 
pared by  very  f^ently  heatinic  some  mercury  in  a  gloss  flaek^  and  gra- 
dually adding'  the  aodium,  cut  into  fragments  not  Hf^ger  than  a  ^rain 
of  wheat;  the  frag-ments  dis^^olve  with  eyolution  of  light  and  heat 
Why  the  sodtum-amol^am  should  act  at  a  lower  temperative  than  the 
sodiuin  itself,  is  not  ckar,  unless  it  be  that  the  minute  subdiviaon  of 
the  sodium  in  the  mercury  givea  the  gas  a  freer  contact  with  the  metaL 

Instead  of  potasAiura  or  sodium,  fks  above  described,  metallic  iron 
could  be  employed  for  analyzing  chlorhydric  acid.  To  this  end  iron 
tumiDgi?  should  be  heated  to  redne^w  in  a  glass  tube  auch  as  is  shown 
in  Fig,  8  ;  a  wide  delivery-tube  should  be  used. 

Hydrogen  is,  then,  one  ingredient  of  chlorhydric  acid;  the  other,  or 
other.s,  have  combined  with  the  pota^Lsium  or  sodium<amalgam.  The 
isolation  of  these  unknown  ingredients  may  be  fj^^  32. 

accomplished  by  means  of  the  V-tube  already 

used  for  the  analysis  of  ammonia.     Into  this    \  J 

tube  liquid  clilorhydric  acid  of  specific  gi-avity 
1*1,  colored  with  indigo  solution,  is  introduced, 
80  aa  to  61!  the  whole  length  of  the  sealed,  and 
about  half  the  length  of  the  open,  limb ;  the 
negative  pole  of  the  battery  is  connected  with 
the  wire  of  the  z^ealed  limb,  while  the  positive 
pole  18  inserted  into  the  open  rimb.  Gas  ra- 
pidly collecta  at  the  negative  pole  in  the  closed 
limb,  but  at  the  positive  po!e  the  disengage- 
ment  of  ^m  if  bo  slight  that  it  would  hai-dly 
attract  attention  but  for  its  intensely  disagree- 
able odor  and  powerful  bleaching  action  upon  the  blue  liquid.  The 
gas  in  the  sealed  limb  hiia  no  such  bleaching  power*  When  enough 
gas  for  examination  hja  collected  in  tt\p  sealed  limb,  it  ie  transferred 
to  the  open  limb  by  the  manipulatiun  previously  deacribed  (J  80)  j  the 
gas  is  inBammable,  and  is,  in  short,  hydrogen. 

The  poles  are  now  reversed,  tind  immediately  hydrogen  escapes  in 
abundance  from  the  open  mouth  of  the  tube,  while  the  liquid  in  tlie 
closed  limb  hecome»  decolorized.  In  the  «*uurae  of  fifteen  minutes  the 
bleached  liquid  in  the  sealed  limb  begins  to  assume  a  yellowish-green 
color,  and  the  evolution  of  gas  becomes  gradually  more  and  more 
copious,  so  that  in  three-quarters  of  an  hour  the  greater  portion  of  the 
tube  is  filled  with  a  transparent,  yellowish-green  gas.  As  the  gaa  is 
transferred  to  the  open  limb  of  the  tube  for  examinatioDi  it  manitesti 
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ili  powerful  blench  tog  property  by  decolorisiiig,  as  it  passeS;  the  por- 
tkm  of  the  acid  which  hud  retained  the  blue  color  of  the  indipo.  The 
tube  ii  no  sooner  opened  to  admit  a  burning  taper  than  the  ^ulfocatlng 
odor  of  the  gas  becomea  oflFenaivdy"  perceptible  *  the  goa  proves  to  be 
Uiuatlamiiiabie^  and  it  eupporta  combustion  but  imperfectly ,  aa  ia  evi- 
danced  by  the  aooty  cloud  which  is  produced. 

Thia  peculiar  gaa^  so  different  in  properties  from  any  gas  heretofore 
studied,  ie  an  element;  it  has  been  named,  on  account  of  its  color, 
durine«  ^m  the  Greek  word  for  vellowiBh-trreen.  This  element  la 
!  subject  of  the  next  chapter,  where  it  will  be  fully  studied.  As  will 
tht're  be  seen  (Kxp.  51)^  chlorhydric  acid,  when  heated  with  a  8Ub- 
atance  called  black  oxide  of  manganese,  yields  cMorine  in  abuudafice, 
with  great  iacility ;  in  fact,  thi^  acid  is  the  source  of  chlorine  when- 
ever large  qujuititiee  of  this  gas  are  required.  Chlorine  is  soluble  in 
ftbout  one- third  of  ita  volume  of  cold  water, — a  property  which  ex- 
plaina  ita  apparently  alow  evolution  at  the  outset  of  the  foregoing 
experiment,  and  the  more  rapid  disengagement  of  the  gas  when  the 
liquid  has  become  saturated  therewith.  Chlorine  is  heavier  than  air, 
and  conaequently  very  much  heavier  than  hydrogen ;  the  beat  experi- 
ntal  determination  of  its  **peclfic  gravity  has  given  the  number  35-6G  t 
Dt  there  can  be  no  doubt  that  the  true  specific  gravity  of  the  gaa  ia 
S5'6,  or  in  other  words  that  it  is  S5^  times  as  heavy  as  hydrogen. 

9S.  We  have  thua  learned  that  the  electric  current  sets  free 
fifom  chlorhydric  acid  two  essentially  different  gases — hydrogen 
and  chlorine, — and  that  each  of  these  gases  may  be  separately 
evolved  from  muriutic  acid — the  hydrogen  by  potassium,  and  the 
cUorine  by  oxide  of  manganese.  It  remains  to  prove  that  ehlur* 
hydric  acid  contains  no  other  than  these  two  con- 
stituents, and  to  demonstrate  the  proportions  in 
whii^h  they  are  united.  To  this  end  the  lirst  step 
shall  be  to  make  a  partial  -quantitative  analysis 
of  chlorhydric  acid  gas. 

The  inftnunent  employed  is  a  glass  U-tube,  about 
50  cm.  long  by  1*^  in  diameter,  having  one  sealed 
and  one  open  limb :  communicating  with  the  latter  is 
m  tmall  outlet-tube  which  may  be  closed  by  a  spring- 
«lip  on  a  piece  of  caoutchouc  tubing.  The  apparatus, 
mounted  on  a  convenient  stand,  is  represented  in 
Fig,  33,  The  U-tube  is  first  filled  with  mercury,  and 
thi.-n,  tlie  «priug-clip  being  op^^n,  the  delivery-tube  of 
the  apparatus  used  to  generate  dry  chlorhydric  acid  gas  is  passed 
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down  tlie  open  limb  to  tlie  bend  of  the  tube  in  Bucb  a  manner  tbat  tlia 
gas  bubbles  up  throufrh  tlie  mercun'  into  tbe  sealed  linib^  from  which 
the  men:airy  escape.^  as  the  gas  ent*>ra.  When  the  closed  limb  i.^  two- 
tbirdn  full,  the  outlet-tube  is  closed,  the  gas  delivery-tnlMS  withdrawn, 
and  mercury  is  poured  into  the  apparatus  until  it  stands  at  the 
same  leiel  in  both  limba.  The  space  occupied  by  gas  in  the  tube  18 
then  niarlied  by  a  caoutcliouc  ring  clipped  over  the  tube.  That  por- 
tion of  the  opon  limb  which  is  not  occupied  by  mercur}^  is  then  tilled 
with  sodium-amalgam.  By  closing  the  orifice  of  the  tube  with  the 
tbunib,  and  iiiclining  the  tube,  the  gas  may  be  transferred  from  the 
tealed  limb  to  the  other,  there  sliaken  up  with  tht^  amalgam,  and  re- 
trnnsferred  to  the  sealed  limb.  This  thorough  contact  with  the  sodium 
decc>mpo«ei<  the  gas.  On  removing  the  thumb  from  the  month  of  the  ^ 
open  limb,  the  mert^ury  therein  falls  a  little,  and  must  be  further  ■ 
lowered  by  opening  the  fepring-clip  until  the  mercury  stands  ut  one 
level  in  the  two  limbs.  When  tliis  is  the  case,  it  will  be  observed 
that  the  gas  is  reduced  to  half  its  original  volume.  The  gas  which 
remains,  is,  of  course,  hydrogeiu  The  experiment  proves  that  any 
given  bulk  of  chlorhydric  acid  contains  half  that  bulk  of  hydrogen. 


the  supposition,  that  that  half  of  any  bulk  of  chlorhydric  acid 
which  is  not  hydrogen  is  chlorine  without  admixturo  of  any- 
other  substance. 

From  the  relative  weight  of  any  volume  of  chlnrhydric  acid  gas  18*12 
Subtract  the  relative  weight  of  half  that  volume  of  hydrogen, ,       '50 

And  the  remainder 17*62 

is  very  nearly  equal  to  17*83,  the  relative  weight  of  half  the 
Same  volume  of  chlorine,  according  to  the  best  experiraental  de- 
terminationa.  If  we  asaumo,  tor  the  moment,  that  any  volume  of 
chlorhydric  gas  is  really  composed  of  half  that  volume  of  hydro- 
gen and  half  of  chlorine,  and  if  we  use  the  theoretical  specific 
gravities,  which  are  doubtless  the  true  ones,  instead  of  the  above 
approximate  determinations,  which  ore  the  best  which  experi- 
ment has  hitherto  furnished,  the  numerical  Btatement  will  be 
follows  i — 


I 


By  availing  ourselves  of  the  known  specific  gravities,  or  like- 
volume  weights,  of  chlorhydric  acid  and  ehlorine,  referred  to 
hydrogen,  wo  may  establish  a  strong  presimiption  in  favor  of     ■ 

+Viia     c»TT%nritrif^rt*»       i-lltif     +1hrnf     linlf     rt^    O  n  TT     Kllllr     r»f     nK  1  rtfVl  W/1 1*1 /»     fl/t1/l  ^^ 
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From  the  relative  weiprht  of  any  voluTne  of  ehlorhrdric  acid  g'at  18 -25 
Subtract  the  relative  "weight  of  hiilf  thnt  Yolume  of  hydroe-en , ,       ■♦50 

Aad  the  pemoindep  . . , , , , .  -  17'75 

is  the   relative  weight   of  half  the   same  vulume   of  chlorine 


17-75=: 


35-5 


Tho  very  cloa©  coincidence  between  the  ^Xht  niime- 


» 


rical  statement,  which  is  based  wholly  upon  experiment,  with  the 
secoad^  which  i*»  baned  on  the  theorjr  that  ehlorhydric  acid  is,  by 
Toltune*  half  hydrogen,  half  chlorine,  is  eTidence  enough,  when 
taken  in  connexion  with  the  preceding  experimental  isolation  of 
chlorine  from  clilorhydric  acid,  to  convince  us  that  in  any  two 
Tolnmes  of  ehlorhydric  acid  gas,  one  volume  of  hydrogen  and  one 
volume  of  chlorine  are  united  without  condensation. 

The  formula  of  the  molecule  of  the  acid  will  therefore  \*c  HCl^ 

^m  which  CI  is  the  8}Tnbol  of  chlorine-  The  following  diagram 
leprosents  the  composition  of  this  important  compound,  both  by 
tolume  and  weight : — 
det 
fon 
por 
ded 


H 
1 


CI 

a55 


HCl  :B%5 


^9.  The  atomic  weight  of  the  new  element,  chlorine,  \b  hereby 
detennined.  Hydrogen  and  chlorine  unite  by  equal  volumes  to 
form  thifl  single  stable  compoiind,  ehlorhydric  acid ;  and  the  pro- 
portions in  which  the  two  elements  unite  by  weight  are  directly 
deducible  from  the  proportions  in  which  they  unite  by  volume 
and  the  known  specific  gravities  of  the  two  ga»e$.  Indeed  it  also 
tdmits  of  direct  proof,  by  appropriate  expcriraentv,  that  36'5 
parts  by  weight  of  ehlorhydric  acid  gits  invariably  yield  35^5  parts 
by  weight  of  chlorine  and  1  part  by  weijfht  of  hydrogen ;  and, 
aincu  it  matters  not  what  the  absolute  weight  of  these  parts  may 
he,  million ths  or  millions  of  grammes,  the  niohcnh  of  ehlorhydric 
acid,  the  least  proportional  weight  in  which  it  is  conceived  to 
exist  nneombined,  mu:?t  be  composed,  like  any  other  quantity  of 
the  acid,  of  35-5  parts  by  weight  of  chlorine  to  1  of  hydrogen. 
But  wo  conceive  of  this  raolccnle  cf*  consisting  of  one  atom  of 
chlorine  ond  one  atom  of  hydrogen  ;  the  chlorine  atom,  therefore, 
wmghs  3a*o  times  us  much  as  the  hydrogen  atom, 

100.  If  it  were  entirely  inconceivable  that  another  substance^ 

H 
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not  identical  with  cihlorine,  ahonld  have  piieci»ely  the  same  specific 
gravity  as  chlorine,  the  reasoning  by  which  we  have  just  arrived 
at  the  compotsitiou  of  chlorhydric  acid  would  be  not  only  con- 
vincing:, it  would  be  entirely  conclusive ;  it  would  do  more  than 
establish  a  very  strong  presumption,  it  would  furnish  a  complete 
demonstration.  But  it  is  not  inconceivable,  thoii<;;h  in  the  highest 
degree  improbable,  that  there  should  oxist  a  body,  different  from 
clilorine,  yet  possessing  the  same  spoiiiic  gra\nty,  and  not  tt>  be 
detected  by  the  qualitative  tcat^  to  which  we  subjected  the  acid; 
and  we  therefore  welcome  the  perfect  demonstration  with  which 
the  synthe.sis  of  chlorhydric  acid  supplies  us. 

This  ayntheaia  ia  readily  effected  [  but  as  the  experiment  involvea  the 
prG[mration  of  chlorine,  the  actual  perfi>miauce  of  the  expenment  will 
be  best  postponed  until  chlorine  has  been  prepared  and  atudied  in  th<» 
next  chapter.  The  method  is  as  follows  r— Into  one  of  two  glaM 
cylinders,  standing  full  of  mercury  upon  the  mercury  trough,  introduce 
a  certain  volume  of  dry  hydrogen,  not  so  larfj:e  as  to  till  more  than 
half  the  cylinder,  and  into  the  other  cylinder  bring  precisely  the  same 
volume  of  dry  chlorine.  Cover  one  of  the  cylinders  from  the  light 
with  a  towel,  and  deliver  the  contents  of  the  oilier  cylinder  into  the 
protected  ontj.  The  mixture  of  equal  volume^^  of  the  two  gases  having* 
b^n  thus  effected,  withdraw  the  towel,  and  l<^ave  the  cylinder  for 
several  hours  in  dilTused  and  not  too  bright  daybght,  but  sheltered 
from  the  direct  rays  of  the  nun,  which  would  <'ause  an  explosive  union 
of  the  tnro  element"?.  Under  the  iufluenee  of  the  light  the  two  ga^es 
graduaUy  combine  ;  when  the  yellowish  tint  of  the  nuxtnre  has  nearly 
disappeared,  the  cylinder  may  be  exposed  to  the  direct  influL'nce  of 
the  8t3lnr  rays,  in  ord<?r  to  complete  the  reaction,  Tbrotif?hout  the  ex- 
periment tlniro  is  no  chan^ie  in  the  volume  of  ibe  enclosed  gas  ;  if  the 
temperature  were  con^^tant  the  mercury  would  n«'i«her  ri?*^  nor  fsill  in 
the  cylinder.  The  cliemical  union  of  one  volume  of  hydrogen  with 
one  volume  of  chlorine  is  attended  neither  by  condensation  nor  ex- 
pan?*  inn. 

That  there  has  been  chemical  action^  resulting  in  the  disappearance 
of  the  prnpprtiesof  the  original  materiah*,  is  evid«*nt  from  the  fact  thai 
the  contents  of  the  cylinder  will  no  lan(fer  tnhe  fire,  or  bleach  vege- 
table colurs.  In  contact  wilb  air  the  n^w  gas  fojni*  white  clouds; 
blue  litmus  paper  it  tums  red  ;  and  if  a  little  water  be  passed  up  into 
the  cylinder,  the  gas  is  rapidly  absorb E?d  ;  the  taste  and  smeU  aUt», 
and,  in  short,  all  the  properties  of  this  gas  are  Uiose  of  chlorby* 
dric  acid. 


MAMXTFACTUBE  OF  CHLoaQTBRIC  kCID*  Od 

By  the  synthetical  method  we  therefore  prove  that  chlorine 
and  hydrogt-n  are  the  onli/  constituents  of  clilorhydric  acid.  On 
this  fiict  is  based  the  chemical  name  of  this  compound.  Slimming 
up  our  previous  and  present  results,  we  now  possess  a  complete 
demonstration  that  clilorhydric  acid  is  composed  solely  of  hydrogen 
and  chlorine,  united  in  equal  volumes  without  condensation, 

101.  The  muriatic  acid  of  comraerco  is  made  from  the  most 
f  Abundant  and  cheapest  of  all  the  natural  compounds  of  chlorine, 
common  salt^  whose  chemical  name  is  cliloride  of  sodium,  and 
formula  NfiCl.  This  substance  supplies  the  chlorine ;  the  neces- 
I  Bary  hydrogen  is  obtained  from  common  sulphuric  acid  (oil  of 
I  Titriol),  whose  composition^  as  expressed  in  its  formula  H^SO^ 
I  we  have  already  become  familiar  with. 

The  commorcial  acid  is  obtained  by  heating  common  salt  with 
aalphuric  acid  in  iron  pans  or  cylinders,  and  absorbing  the  evolved 
p.gas  in  water  contained  in  a  scries  of  etono-ware  Woulfe-bottlcsi, 
or  some  similar  apparatus.  The  reaction  is  somewhat  varions, 
according  to  the  proportion  of  sulphuric  acid  employed ;  it  may 
be  cither  of  the  reactions  expressed  in  the  following  cquationa, 
or  may  lie  between  them  : — - 

NaCl        +        H^SO,        =        HCl        +        NaHSO, 

Chloride  of  Sulphurio  Chlorhifdric         Add  sulphate 

Modium,  acid.  acid,  of  sodium* 

2Nfta       +       H,SO,        ^        ^HCl       +       Ka,SO, 

Sulphate  ofsodiitmm 

In  the  first  reaction,  only  one-half  of  the  hydrogen  in  each 
molecule  of  sulphuric  acid  is  replaced  by  sodium  ;  in  the  second, 
both  atoms  of  hydrogen  are  replaced.  The  first  reaction  requires  i 
more  sulphuric  acid  than  the  second,  in  proportion  to  the  amount 
of  the  product,  but  is  accomplished  with  less  wear  of  the  appa^ 
nitm»  because  a  less  heat  suffices  for  the  firbt  than  for  the  second 
reaction. 

We  may  illustrate  the   practical  importance  of  the   atomio 

rireights»  by  taking  an  actual  example  of  each  of  these  reactions. 

Starting  with  100  kUos.  of  salt  in  each  case,  what  quantities  of 

I  sulphuric  acid  should  be  employed,  and  what  will  be  the  weights 

lol  the  products  in  each  reaction  ?  (See  §  81.) 
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The  molecular  weight  of  I^aCl        is  23 + 35*5  =  58-5 

„        „        „  H^SO,     is    2+32  +  4x16         =  98 

„         „         „  NaHSO,  b23+   1+32  +  4x16=120 

^        „        „  Na^SO,    is  46+32  +  4x16         =142 

n        tp        f>         HCl         is    1+35-5  =  36  5 


The  weight  of  sulphuric  a  aid  needed  in  the  two  oases  is  itaoer- 
toined  by  solving  the  following  proportions : — 

J^    }       58-5     :     98      =      100  k.    : 

NaCl.  H,SO,.  NaCl  t«ifcrf. 
Second  1  ^J7  .  ^g  _  j^Q^^  ^ 
reacuon  j  ^^^^^  ^^^^  ^^  ^^^  ^^^^  ^^  QunnfJtt/  of 


or  ( =167-52  k.) 

Qnantitf/  of 
H^SO^  required* 


2NaCL        H..SO^.       NaCl  tused. 


ir  (= 83-76  k.) 

Qua  n  tit  If  of 
H^SO^  required* 


The  weight  of  chlorhydric  acid  gas  produced  in  the  two  cases  wiH 
be  precisely  the  same ;  it  is  deduced  from  the  proportionfi  : — 

J^^^}    I        58-5     :      36*5      =      100  k.    : 
roactioa  J  j^^j  ^^_  ^j,  ^^^  ^^^  ^^    Quantitif  of 

mCL         HCL  NaCl  mod. 


^(=62-39  k.) 

Quantity  of 
HCl  produced. 


Second  ] 
reactiim  i 


117       :      73         ^      100  k.    :   x ( ^62-39  k.) 
J^ol.  wt,  of  Mol.  ti't,  of      Q'tantiti/  of       Qitantitu  of 
2Naa         2HCI  NaCl  u^f^^.      RCl  prodmed. 

The  weights  of  the  residual  sodium-salts  in  the  two  cases  toe  da* 

duccd  from  the  proportions  : — 

First    ' 
reaction 


68-5      :      120       = 
Moh  wt,  of  Mol.  wt,  of 
NaCl.       NaHSO,. 

^^^?^\       117      :      142       . 
^^^""''iMolwt^ofMolwt.of 
2Naa.       Na^SO,. 


:      100  k.    :  ^(=205^28  k.) 
QunUitif  of      Qtiantitif  of 
NaCl  mcd,  l^tiWiiO^  produced, 

'.      100  k.    :x(  =  121*307  k.) 
Qnnntity  of      Qunntity  of 
NttCl  used,  Na^SO^  produced. 


In  each  case  the  sum  of  the  weights  of  the  materials  employed  is, 
of  course,  equal  to  the  sum  of  the  weights  of  the  products.  If 
the  questions  suggest  themselves — how  much  water  will  these 
62-39  k.  of  chlorhydric  acid  gas  saturate,  and  what  will  he  the 
hulk  of  the  concentrated  solution  so  ohtainod  ? — the  answers  eui 
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be  easily  deduced  from  the  followbg  data : — ^The  strongest  chlor- 
hjrdric  field  haa  &  specilio  giavit^  of  about  1-20^  and  contains 
about  40  per  cent,  by  weigbt  of  the  gas*  40  k*  of  chlorh}  (Irio 
add  giw  will  then  saturate  GU  k*  of  water,  and  it  follows  that 
C2<li9k*  of  the  gas  will  saturate  93'oSk.  of  water.  The  weight 
o(  t)ie  solution  of  chlorhydric  acid  produced  will  thcrefure  be 
62*3U-f93'o8=  155*97  L  j  and  since  1  litre  of  the  solution  wcigha 
1*20  k,,  the  total  bulk  of  concenuated  aqueous  acid  produced  ^ill 
b©  very  nrurly  ItJO  litres, 

102.  if  the  queBtiou  ^suggest  itself — why  not  get  the  hydrogen 
wanted  from  water,  H.^U,  a  much  simpler  and  cheaper  «ub»tance 
than  sulphuric  acid? — the  only  answer  is,  that  experience  has 
taught  that  water  has  no  action  upon  salt  except  to  dissolve 
it,  while  sulphuric  acid  has  power  to  part  the  two  elements  of 
saitj  and»  giving  hydrogen  to  the  chlorine  of  the  salt,  to  accept  the 
detached  stdium  of  the  s^t  in  the  place  of  its  own  lost  hydiogen. 
Of  the  nature  of  the  play  of  forces  by  which  this  new  adjust- 
ment in  definite  proportions  of  the  atoms  of  five  elements  is 
brought  about^  we  have  no  distinct  conception.  All  that  we 
know  has  been  said  when  it  is  stated  that  water  works  no  che- 
Qical  change  on  salt,  while  sulphuric  acid  (und  a  few  other  sub- 
"vtonccs  of  analogous  composition)  doefi  bring  about  a  veiy  essen* 
tiaJ  change. 

In  the  hope  of  rendering  these  and  aimikr  facts  more  inlelli- 
g;iblej  many  chcmisU  have  assumed  that  an  element  Uke  chlorine, 
or  a  group  of  elements  like  sulphuric  acid,  may  possess  a  supe- 
rior chemical  attraction,  or  a  greater  affinUi/,  for  some  elements 
or  gmups  than  for  others.  They  would  explain  the  reaction 
between  salt  and  sulphuric  acid  by  saying  that  chlorine  has  a 
greater  aflinity  for  hydrogen  than  for  sodium,  while  a  part  of  the 
•tulpbiirjc  acid  has  a  stronger  attraction  for  sodium  than  for 
.  hydrogen ;  and,  in  like  manner,  they  would  account  for  the  nb- 
af  nee  of  action  between  water  and  salt  by  saying  that  the  affinity 
lif  oxygen  for  sodium  is  no  stronger  than  that  of  chlorine  for 
sodium.  If  tlie  second  of  the  equations  above  given  be  written 
after  the  duiilistic  tiicory,  as  follows, 

22sqC\  +   H,0,SO,  =   21101  +   Na,0,SO,, 
we  shall  perceive  Uio  basis  of  a  still  more  ample  explanati0ii« 


lOi 


emsmcAL  atfikitt* 


oftoE  given,  of  sucli  reactions.  Tlie  reaction  above  wiittcn  is 
said  to  bo  detenDined,  or  caused,  by  three  affinities: — 1.  The 
affinity  of  the  metu!  for  oxygen  ;  2.  The  affinity  of  the  hydrogen 
for  t'biorine  ;  3.  The  affinity  of  the  oxide  of  sodiura  for  Rulphuric 
acid.  It  will  bo  at  once  perceived  that  the  contact  of  water  with 
ealt  gives  opportunity  for  the  play  of  the  first  two  affinities  ;  it  is, 
therefore,  the  third  affinity*  superadded  to  the  other  two,  which 
in  this  view  actually  determines  the  decomposition  of  salt  by  sul- 
phuric acid. 

Such  speculationa  as  these  have  not  been  altogether  fruitless 
In  the  development  of  chomistrr,  and  to  some  minds  tliey  seem 
to  render  the  actual  phenomenon  more  intelligible;  the  term 
affiniiij  is  also  sometimes  convenient  in  expressing  the  varying 
intensity  with  which  one  element  grapples  and  holds  other  ele- 
ments, or  groups  of  elements ;  the  student  must  not  fail  to  dia- 
tingiiishf  however,  between  the  matters  of  fact  and  the  matters 
of  speculation,  in  whatever  stands  writt^*n  in  chemical  literature 
touching  affinities  and  their  play.  The  best  use  of  the  ill-chosen 
term  affinity  is  as  a  synonyme  for  chemical  force.  Phrases  in* 
which  the  term  is  used  in  this  sense  may  contain  simple  state- 
ments of  fact  J  but  very  frequently,  especially  when  the  word 
** elective"  is  coupled  with  it,  the  term  is  used  in  connexion 
with  un pro ti table  hypotheses.  What  we  actually  know  of  the  re- 
action between  salt  and  sulphuric  acid  is  comprehended  in  the 
itatemcnt  that  the  hydrogen  of  the  acid  and  the  sofhiim  of  thaJ 
salt  change  places  in  the  definite  proportions  by  wcij^ht  which  are  j 
expressed  in  the  atomic  weights  of  the  two  elements. 

Commercial  chlorhydnc  acid  is  not  pure ;  its  commonest  im- 
purities aro  sulphuric  acid  which  gets  mechanically  mixed  with 
the  acid,  iron  derived  from  the  iron  vesseU,  arsenic  supplied  by 
the  impure  sulphuric  acid  employed,  the  salts  contained  in  tho 
water  which  dissolved  the  gas,  sulphurous  acid,  and,  not  nnfre- 
quently,  free  chlorine, 

Exp,  40, — Melt  a  bandful  of  coarse  conmion  salt  in  a  Hessian  cru- 
cible in  a  coal  fire,  aitd  ]K)ur  out  the  liquid  9alt  upon  a  biick  or  «>ti:ino 
floor.  Weigh  out  iiOgrms.  of  the  fused  salt  when  it  \\\\a  becoiue  cold, 
and  place  it  in  a  flask  of  a  litre  cajwicity,  piuvitled  with  a  dellvtsry- 
tiibo  which  can  b«  coaveniently  connected  by  a  caoutchouc  connector 
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vitb  a  series  of  small  Woulfe-bottlea^  such  as  is  represented  in  Fig.  31. 
Poor  ^  gi-onunes  of  Btrong  fiulphuric  acid  upon  the  salt,  and  inime- 

%.34 


llately  cork  the  flask,  place  it  upon  a  sand-bath  on  tHe  iron-standp 
'^d  connect  the  deli  very -tube  with  the  Woulfe-bottles.     The  tubes 
by  which  the  gas  enters  the  bottles  Bhonld  bnrely  dip  bfjnejith  the 
p  water  eontained  in  them,  inft.?mnch  rs  the  solution  ofchlorhydnc  acid 
fi  heavier  than  water ;  the  bottles  should  not  be  more  than  half  full, 
*  the  water  becomes  hot  and  increa^^es  considerably  in  bulk*     As  hot 
rater  holds  less  g-os  in  solution  than  cold  water,  it  is  not  amiss  to 
each  three-necked  bottle  in  a  vessel  of  cold  water.     The  first 
iToulfe-bottle  Bbould  contain  but  a  small  qiinntity  of  wat^:?r»  and  the 
lube  coming  from  the  flnsk  should  not  dip  into  thi^  water.     The  con- 
tents of  the  flask  must  be  very  gradually  and  moderately  heated »  elso 
a  violent  frothin;?  is  liable  to  occur^  which  would  spoil  the  experiment. 
The  process  is  like  that  of  making  ammonia-water^  except  that  the 
delircn^-tube  posses  to  the  bottom  of  each  Wonlfe-bottle  in  making 
iimouia-wflter^  because  the  solution  of  ammonia-gas  is  lighter  than 
aler,  instead  of  heavier  as  is  the  case  with  the  solution  of  chlorhy- 
dric  acid  pros.     As  with  the  ammonia  pn>cess,  the  solution  will  be 
purpr  in  the  second  bottle  than  in  the  first,  in  the  third  than  in  the 
cood,  and  m  forth.     Rpsene  the  contents  of  the  first  bottle  to  make 
Ttiiloiine  from  (Etp.  />1 ).     The  pure  acid  should  be  preserved  for  use 
in  experimt^nts  which  cimnot  be  peiformed  except  with  im  acid  pure? 
than  the  commercial  article, 

103»  The  uses  of  chlorhydric  acid  are  very  nnmerons.    It  is 
employed  in  makinj?  chlorine^  chlorate  of  potassium,  and  chloride 
l^f  Umo  ( bleach  in ;>- powder),  in  preparinof  chloride  of  ammonium 
ad  chloride  of  tin,  in  the  manufacture  of  gclatino^  for  dis^lving' 
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left  standing'  orer  ivater^  ance  it  woiild  soon  be  entirely  absorbed. 
In  experimenting  with  chlorinei  dure  must  always  be  taken  not  to 
inbnle  it. 

The  reaction  wbidb  occura  in  ibis  experiment  may  be  thns 
formulated : — 

MnO^  +  4Ha  =  2H.p  +  MnQ^  +  2a 

Black  oxide  of  rannganese  is  a  substance  ricb  in  oxygen,  which, 
under  certain  conditions,  it  readily  yielda  up  to  other  elements. 
In  the  case  before  na,  the  oxygen  of  the  oxide  of  manganese  unites 
with  the  hydrogen  of  the  chlorhydnc  acid  to  form  water.  The 
chlorine  of  the  chlorhydric  acid  unites  in  part  with  the  manga- 
fiese,  and  is  in  part  left  free. 

In  place  of  the  black  oxide  of  manganese  in  this  experimenti 
several  other  substances  which  readily  give  up  oxygen  may  be 
employed ;  and  instead  of  the  free  chlorhydric  acid  of  the  fore- 
going experiment,  the  mixture  of  common  salt  and  sulphurio 
acid,  which  generates  chlorhydric  acid  (Exp.  40)»  is  often  used. 
The  latter  method  has  the  advantage  of  eliminating  the  whole  of 
the  chlorine  from  the  chlorine  compound  used,  whereas,  in  the 
decomposition  of  the  oxide  of  mans^anedf  by  clilorliydric  acid  alone, 
half  the  chlorine  remains  combined  with  the  manganese*  More- 
over, when  present  in  excess^  the  sulphuric  acid  has  the  effect  of 
drying  the  chlorine.  The  reaction  may  be  expressed  aa  follows : — 

2NaCl  -f  2H^S0^  +  MnO,  =  Ka,SO,  +  MnSD,  +  2llp  -f  2a 

Another  method,  which  has  been  carriwl  out  in  practice  upon  the 
large  scale,  is  to  heat  a  mixture  of  common  salt  and  nitrate  of  so- 
dium with  an  excess  of  sulphuric  acid«  Chlorhydric  and  nitric 
acids  are  evolved,  and,  reacting  upon  one  another,  generate  chlo- 
rine,  hyponitric  acid,  and  water: — 

HCl  +  H>^0,  =  CI  +  KO^  +  H,0. 
The  hyponitric  acid  is  absorbed  by  sulphuric  acid,  and  subse- 
quently employed  in  the  manufacture  of  sulphunc  acid,  while  the 
chtorine  in  cullectcd  apart  and  employed  in  such  niminer  as  may 
be  desired, 

lOG.  Chlorine  is  an  abundant  olemonr,  and  very  widely  distri- 
buted in  nature.  It  exists  chiefly  in  combination  with  sodium  aa 
a  chloride  of  sodium,  which  is  called  rock-salt  or  sea-salt,  accord* 
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ragl^B  it  b  found  in  beds  in  the  earth,  or  dissolved  in  the  water  of 
the  ocean.  Sijiee  the  atomic  weight  of  clilorine  is  ^5*5  (§  99), 
and  that  of  the  metal  sodium  is  23,  each  molecule,  each  gramme,  or 
each  kilogramme  of  chloride  of  sodium  contains  ^^,  or  (i0*684  por 
cent,  of  chlorine.  Accordingly  in  a  gramme  of  chloride  of  sodium 
tliOTB  exists  something  more  than  0^0  grm.  of  chlurine ;  and  a 
kilogramme  of  common  salt  should  peld  6UU  S4  grms  of  chlorine. 
Ercry  litre  of  sea -water  will  yield  about  five  litres  of  chlorine  gaa. 
Besides  chloride  of  sodium,  &ea-water  contains  small  quantities  of 
the  chlorides  of  several  other  metals  j  there  are  numerous  mine- 
rals^ also,  which  contain  chlorine. 

107.  At  the  ordinary  temperature  chlorine  is  a  gas  of  yellowish- 
n  color,  2-5  times  as  heavy  us  atmospheric  air.  Ite  specific 
Wdty  and  atomic  weight  are  35*0.  It  is  excessively  irritatiug 
suH'ocating,  even  when  inhaled  in  exceedingly  small  qran- 
ities.  Any  attempt  to  breathe  the  undiluted  gas  w^ould  un- 
doubtedly be  fatal.  Under  a  pressure  of  4  atmospheres  at  15**  it 
ia  condensed  to  a  yellow  mobile  liquid,  having  a  sp.  gr,  of  1*33 ; 
this  liquid  has  never  yet  been  sohdified.  It  is  soluble  to  a  con- 
eidemble  extent  in  water  at  the  ordinary  temperature,  1  volume 
of  it  being  dissolved  by  half  a  volume  of  water  at  15^  This  so- 
lution, wbieh  exhibits  the  color,  odor,  and  general  chemieal  pro- 
perties of  the  gas,  is  called  chlorine- water.  At  low  temperatures, 
I  WiLtt^  dissolves  a  still  greater  proportion  of  chlorine  j  and  at  0*^  a 
definite  hydrate  of  chlorine,  Cl,6HjO,  crj'stallizes  out 

Jjrp.  52. — Fill  with  water  the  body  of  a  retort  of  tbe  capacity  of 
C  c,t  and  without  tubiiiaturLi.     In- 
tht?  retort  and  set  it  upon  a  ring,  or  ^  ^' 

ufion  a  bed    of  sand,  with   the  neck 
pointed  upwards  in  such  manner  that 
air  ehfdl  enter  the  body.    From  n 
in  which  chlorine  is  lieiag  gene- 
paa*  a  long  ddiverj-tube  down 
neck  of  the  retort  to  the  water,  so 
Ihfit  the  chlorine  may  slowly  Uubbla 
:  fie  water.     The  absorption  of 
1  lay  be  promoted  by  gently  shaking  the  retort  from  time  to 

lime,     A^  foou  us  the  water  b«.'coraes  mturated  with  chlorine,  so  much 
J  g«j»  wiU  collect  iu  the  retort  that  the  liquid  will  be  pressed  out  uf  the 
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b  »dy  and  will  flow  over  from  the  nt^ck ;  wlien  thia  occurs  the  opem- 
tioD  nifty  be  stopped. 

At  the  beg-mnin^  of  the  experiment,  before  nil  the  ntmo^pheiic  idr 
has  beeu  expelled  fi'om  the  flask  in  which  the  clilorine  is  g^eueratcd,it 
18  well  not  to  pu?h  the  jras  delivery-tube  completely  to  tin?  bottom  of 
the  neck  of  the  retort,  but  to  dimply  imtueri^G  it  iu  the  ed^e  of  the 
water,  so  that  none  of  the  escaping  bubbles  of  g-as  shall  enter  tlu*  body 
of  the  r<>tort  until  it  has  become  evident  that  nothing  but  pure  chlorine 
is  cotJunfT  over ;  the  tube  may  then  be  immersed  more  dtn*ply* 

The  wrtter  miturated  with  chlorine  shonld  be  transferred  to  a  bottle 
and  presaiTed  lor  iature  use.  It  may  be  employed^  more  conveniently 
than  the  ga?,  to  illui>trate  many  of  the  properties  of  the  element 

In  sun!  I  gilt,  or  even  in  ordinary  daylight,  chlorine -water  suffers  de* 
composition  (see  §  ll-'i),  hut  in  the  dark  it  undergoes  no  chojigo.  It 
should  be  kept»  therefore,  either  in  a  cellar  or  tight  closet,  or  m  ft 
stoneware  bottle,  or  in  a  bottle  of  black,  red,  or3ellov\-glas«,or  in  one 
covered  with  black  paper.  Througli  tlit^  blackened  glas*  no  light  can 
penetrate  to  the  chlorine- water,  and  through  red  or  yellow  glass  few, 
if  any,  of  the  so-called  chemical  or  actinic  rays  can  pass.  The  violet 
mya  of  the  spectrum  are  those  which  exhibit  aclinic  power,  and  these 
we  stopped  by  red  or  yellow  gla:^«,  which  is  red  or  yellow  bec&iue  it  , 
permits  the  pajwuge  of  only  these  colored  rays. 

108,  Chlorine  is  a  powerful  chemical  agent.  It  combines  with 
hydrogen  with  explosive  violence  upon  being  heated,  or  even  oa 
being  exposed  to  annlight. 

jEjt/j.  53. — In  a  soda-water  bottle,  which  must  be  aereened  firom 
strong  light  by  wrapping  it  in  a  towel,  unless  direct  and  rellerted  i*im- 
light  be  excluded  from  the  room,  mix  equal  volumes  of  chlorine  and 
hydrogen,  then  remove  the  cork  ai|d  hold  the  ujouth  of  the  buttle  in 
the  flame  of  a  lamp.  A  sharp  eiplosien  will  ensue.  Or  the  mijcttire 
may  be  made  in  a  phinl  tif  white  ^lais  I'oUed  up  in  a  (hick  towel  and 
filled  in  a  darkened  chamber  The  exploj-ion  can  then  be  brought 
about  by  rarofuliy  rolling  the  phial  out  of  iU  enveloj>e  into  a  ray  of 
eunlljjht,  inn  place  where  the  fragments  of  gla^^8  can  do  no  harm.  In 
this  la-st  modiHeution  of  the  experiment  the  phial  is,  of  course,  l^ft 
corktxh  The  operator  should  stand  behind  a  window^sh utter  or  other 
suitable  screen* 

Siill  nnother  method  is  to  place  the  bottle  in  a  shady  place,  and  by 
mennx  uf  a  looking-gla^s  reflect  upon  it  a  ray  of  sunlight.  The  moment 
thu  beam  touches  it,  the  bottle  will  explode* 

A  mix^a^e  of  the  two  gases  may  be  kept  in  the  diuk  for  any 
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lenprfh  of  time  withotit  change;  in  diffused  daylight  they  usually 
unite  only  slowly  and  grnduolly;  hut  in  direct  sunlight  tJbe  un^on 
id  so  instanttincous  slh  to  he  attended  with  explosion, 

109.  Chlorine  combines  also  very  readily  with  many  of  the 
metals,  tin?  combination  being  in  several  instances  attended  with 
erolnlion  of  light, 

EijK  54-— Fill  a  bottle  of  at  least  half  a  litre  capacity  with  dry 
chlorine  g:a»,  by  dispkcenient;  the  ^las  should  he  dried  by  pa?.«iitig  it 
throug-h  a  tube  filled  with  chloi*ide  ofrttlcium,  an  deacribed  hi  the*^p- 
pendix^  J  15.  Gradually  sift  n  gi  juume  or  two  of  very  finely  pciwdered 
miftaliie  untimony  into  the  bottle.  The  metal  will  instantly  take  tire 
and  fall  in  a  flowing-  state  to  the  bottom  of  the  bottle.  Thi»  fire 
stttmd^  the  fonnation  of  a  compound  of  chlorine  and  antimony,  a  por- 
tion of  which  Will  be  s«een  pervading  the  bottle  &«  a  wbite  smoke. 

h  experiment,  and  indeed  all  experiments  with  chlorine,  fshouH 
formed  only  m  places  where  there  is  a  current  of  air  Buffieifntly 
powerful  to  carry  away  from  the  operator  the  Tolat  Lie  products  of  the 
xoaetioni  together  with  any  chlorine  which  may  escape  from  the  bottle* 
I  Am  in  the  case  of  the  union  of  sulphur  with  copper  (Exp.  I), 
io  here  it  will  be  seen  that  burning:,  aa  commonly  under&toorl,  is 
in  no  wise  peculiur  to  tho  tmion  of  oxygen  with  the  other  ele- 
ments,  I  a  the  act  of  chemical  combination  heat  is  always  eTolred, 
nnd,  of  course,  light  as  well,  if  particles  of  solid  matter  be  present 
and  become  hot  enough  to  be  luminous. 

Since  oxygen  is  very  abundant,  we  are  more  accustomed  to 
vitDeis  exhibitions  of  its  chemical  action  than  those  of  any  other 
dement ;  but  we  must  not  therefore  lose  sight  of  the  fact  that 
among  the  elements  there  are  several  which  possess  chemical 
power  as  great  when  brought  into  play,  tliough  not  as  frequently 
exhibited  a^  that  of  oxygen. 

Mrp,  65. — Into  a  small  dry  bottle  throw  loowly  sereral  leaves  of  the 
■o-called  Dutch-metal  (an  imitation  gold-leaf  made  from  an  alloy  of 
the  metids  copper  and  zinc),  and  invert  over  it  a  bottle  of  dry  chlnrine. 
the  heavy  gas  falls  into  the  lower  bottle,  the  chlorine  attarks  the 
letal,  which  becomes  red-hot  fol*  a  moment^  phrivels  up,  and  is  con- 
erted  into  a  mixture  of  chloride  of  copper  and  chloride  of  ainc.  Both 
compound?  are  readily  soluble,  the  chloride  of  copper  impart- 
the  wat+T  a  peculiar  green  tinge.  The  term  chloride  h  used  to 
denote  the  combination  of  chlorine  with  another  element,  just  as  tlie 
oxide  denotes  a  compotmd  of  oxygen. 
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110.  A  buminor  jet  of  hydro|?en,  on  being  introduced  into  a 
jar  of  cbloiine.  will  continuQ  to  bum  with  a  peculiar  green  Itghti 
the  two  gases  uniting  to  form  chlorhydric  acid* 

Exp.  56, — From  n  ^as-holder  containing*  hydrogen,  carry  a  glass 
tube,  No.  6,  outwards  horizontalli"  a  few  centimetre^*,  then  downward* 
to  reach  the  bottom  of  a  wide-mouthed  litre  bottle  filled  with  dry 
chlorine:  bend  the  end  of  the  tube,  previoualy  drawn  to  a  point, 
Bharj^ly  upward^  so  that  the  jet  of  hydroo^n  may  stream  upwarda 
throujj:h  the  chlorine.  Light  the  hydrogen  jet,  and  insert  it  into  the 
bottle  of  chlorine. 

By  reversing  the  experimont,  chlorine  may  just  aa  well  be 
burned  in  an  atmosphere  of  hydrogen. 

&p,  57, — In  a  small  flaak  of  75  or  100  c.  c,  capacity*  provided  with 
a  small  chloride-of-cakium  tube  prolonged  into  an  upright  delivery- 
tube  which  is  drawn  out  to  a  fin©  point  at  the  top,  generate  a  free 
supply  of  chlorine.  Inflame  a  jar  of  hydrogen,  held  mouth  down* 
wardfl,  ftnd  press  it  slowly  down  upon  the  clilorine  tlask  so  that  the 
orifice  from  which  the  clihmne  is  i^isuing  may  be  at  the  centre  of  the 
bydrripren  bottle,  in  the  midst  of  the  gaa.  In  pas.-?iug  through  the 
burning  hydrogen  at  th**  bottom  of  the  jiir^  the  chlorine  will  be  heat^ 
to  the  temperature  necessar}^  for  it^  own  inHammation,  and  it  w^]l  con- 
tinue to  bum  in  the  hydrogen  in  the  same  way  that  oxygen  burns  in 
hydrogen  under  similai'  circumstances. 

111.  The  heat  evolved  during  the  combustion  of  hydrogen  in 
ehlorine  m  less  intense  than  that  produced  by  its  union  with 
oxygen.  When  one  grnnime  of  hydrogen  is  burned  to  chlor- 
hydric acid,  there  are  disengaged  237B3  units  of  heat,  while 
344^^2  units  of  heat  are  evolved  when  it  burns  to  water. 

112.  As  has  been  seen,  chlorine  is  both  corobus^tible  and  a 
inpportcr  of  combu.^tion  so  iar  as  hydrogen  is  concerned,  nnd  it 
exhibits  a  strong  aiBnity  for  many  of  the  metals ;  but  it  does 
not  unite  directly  with  either  oxygen  or  carbon. 

£jrp.  58. — If  a  burning  taper,  or  a  bit  of  flaming  wood  or  paper,  be 
thrust  into  a  bottle  of  chlorine  gas,  the  flame  will  become  muring  and 
after  struggling  for  a  moment  will  go  out.  Much  smoke  i^  at  the  same 
timtj  given  off. 

Krp.  5I>. — .\  bit  of  paper,  attached  to  a  wire,  dipped  in  hot  oil  of 
turpentine  and  thvn  quickly  plunged  into  a  bottle  of  chlorine,  will 
usually  take  fire  splint ansously,  and  bum  with  evolution  of  dense  black 
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fumes.  Oil  ftccount  of  t!ie  Tolatility  and  ready  inflAmmiibilitT  of  oil  of 
t«rp<*ntine,  it  »boiild  l)e  carefully  heated  upon  ft  watpr-bath  ( AppeiidiX| 
§  17)  in  tt  porceliiin  diaii.  If  bv  atiy  chance  the  turp<*ntine  tiOte  lire  in 
the  dish,  it  can  be  in,«tiintly  extLng-uij^hed  by  coverinff  the  dii^h. 

JEar/».  TiOr— Platte  on  Inverted  tAll  bottle  full  of  wni<^r  upno  the  shelf 
of  the  walcr-pan  and  till  it  two- third**  ftdl  of  chlorine ;  thi*n  displace 
the  rest  of  the  water  with  ordinary  illuxiiinating  gas.  Cover  the 
juouth  of  the  bottle  with  a  glfuss  plate,  and,  removing  it  from  the 
wattr-paa,  place  it  in  an  upright  poatlon  upon  the  table.  Remove 
the  cover^  and  touch  a  liirhted  match  to  the  gas ;  fire  will  bc^  propa- 
gati^d  from  above  downtvards,  while  clouda  of  smoke  are  evolved. 
Hold  ft  piece  of  moistened  blue  littnus  paper  in  the  smoke;  it  will  be 
reddened  by  the  chlorhydric  acid  which  haa  been  formed. 

The  wax,  wood,  paper,  turpentine,  and  gas  of  the  foregoing 
leriment^,  and  indeed  most  of  the  substances  ordinarily  ueed 

eombustibles,  contain  hydrogen  and  carbon.  The  hydrogen  of 
these  Uiinga  will  burn  in  chlorine,  will  unite  chemically  with  the 
chlorine  to  form  chlorhydric  acid;  but  the  carbou  will  not  thuB 
unite  with  chlorine.  Hence  it  ia  that,  in  the  experiments  in 
question,  tlio  combustion  is  at  the  expense  of  the  hydix>gen;  the 
hydrogen  of  the  candle,  turpentine,  and  so  forth  alone  unites  with 
cshlorinc,  while  the  carbon  is  set  free  as  lampblack  or  smoke* 

113.  Chlorine  can  even  decompoise  water  under  certain  oondi- 
tions,  taking  away  its  hydrogen,  while  the  oxj*gen  is  left  free, 
This  occurs,  for  example,  when  a  mixture  of  chlorine  and  aqueous 
TBpor  ig  passed  through  a  red-hot  glass  or  porcelain  tube  fiUed 

itli  fragments  of  the  same  material.     80,  too,  when  an  aqueous 

[ntion  of  chlorine  i^  exposed  to  light,  the  water  is  gradually 
decomposed,  as  has  been  stated  in  §  107,  oxygen  being  set  free, 
tod  chlorhydric  acid  formed. 

2C1  +  11,0  =  2HC1  -f  0,  Fisr.ae. 

E^.  01.— Fill  a  narrow-mouthed  bottle,  of 
capacity  of  at  leaat  half  a  litre,  with  water 

ieh  has  been  saturated  with  chlorine  at  a 

npamlively  low  temperature — such  as  is 
readily  obtain**d  by  inimorsing  the  receiver  in 
lee-wAter  during  the  absorption  of  the  giw. 
By  means  of  a  perforated  cork,  or  better,  a 
caootchouc  i»tJ»pj>er,  fit  tijrhtly  to  tbe  bottle  a 
glatt  t/ibe,  No.  0,  bent  twice  ftt  right  angles^ 
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one  bnmeli  of  wTiich  shall  be  long  euougli  to  reacli  to  the  bottom  of 
the  bottle,  while  the  otbe»r  ann,  nmJ**  tauch  ahorter  tbftn  t]ie  first, 
dips  into  an  opRn  bi»nker  glass  half  full  of  water* 

Flixcf*  the  apparatus  in  such  a  position  that  it  shall  be  exposed  to  as 
much  direct  ^unlij^ht  tis  possible.  Alter  a  time  oxygen  gua  will  bej,ia 
to  colkct  at  the  tup  of  tho  bottle,  and  in  the  couroe  of  several  hooTS, 
or  day;*,  so  much  will  have  collected  that  it  can  be  tested  hy  reuioving 
the  cork  from  the  bottle  and  thrustbg  in  a  glowingr  «plinter*  The 
liquid  displaced  by  the  oxygen  tlows  over,  through  the  tube,  into  the 
beaker  glnj^».  Tlie  chlorhydric  acid  of  course  remains  dissolved  in  the 
water  of  the  bottle, 

114.  The  applications  of  chlorine  in  the  arts  dcpond  upon  that 
readiness  to  combine  with  hydrogen  which  has  just  been  exem- 
plified. By  virtue  of  this  afEnity  for  hydrogen,  chlorine  acts 
indirectly  as  a  powerful  oxidising  agent.  It  act-*  as  a  purveyor 
of  tiaseeiit  oxygen,  and  is  hence  a  much  more  efHcicnt  agent  than 
free  oxygen,  8uch  as  exists  in  the  air.  Its  chief  uses  are  for 
bleaching  cotton  goods,  paper  stock,  and  so  forth,  and  for  destroy- 
ing foul  and  unhealthy  emanations. 

Exp.  C2. — Pour  into  a  test-glasis  a  quantity  of  chlorine-water 
(Exp.  o2),  drop  into  it  a  small  quantity  of  a  Bolution  of  indigo,  and 
fltir  the  mixture  with  a  glnas  rod.  The  blue  color  of  the  indigo  will 
be  immediately  destroyed. 

In  tho  same  way  tho  color  of  litmus,  cochineal,  aniline -purple, 
or  of  flowers,  calico,  and  the  like,  can  be  readily  destroyed  by 
immersion  in  chlorine- water  or  in  moist  chlorine  gas.  The  pre- 
sence of  water  is  essential ;  perfectly  dry  chlorine  will  not  bleach, 

J^p.  63. — Fill  a  glas8  tube,  No.  1,  about  20  cm.  long^  with  scraps 
of  coloured  cnlieo  and  bits  of  paper  which  have  been  written  upon  with 
ink.  Take  rare  that  tht-  tube  and  its  contents  are  perfectly  dryi  and 
that  the  tube  is  closed  at  either  end  with  a  cork,  thrtuigh  which  parses 
a  short  piece  of  tubing,  No.  0.  Place  tbe  tube  in  a  vertical  poRition, 
and  pa!»9  into  it,  from  below,  chlorine  gas  which  has  been  thoroughly 
dried  by  means  of  chloride  of  calcium  (Appendix,  $  15).  The  color- 
ing-matters will  not  be  destroyed  so  long  aa  they  remain  dry ;  but  if, 
after  the  dry  chlorine  hna  been  allowed  to  act  for  a  few  minutea^  a  little 
water  be  poured  in  at  the  ti»p  of  the  tube,  so  that  its  contents  may  be 
wett^-d,  they  will  be  bleached  at  once, 

115.  Those  coloring-matters  which  are  of  vegetable  or  animal 
origtB  are  for  the  most  port  complex  oom pounds  of  carbon,  hy- 
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drogetif  nitrogen,  and  oxygen •  When  moist  chlorine  is  brought 
into  contact  vith  them,  a  somewhat  complicated  reaction  occurs  ; 
a  portion  of  their  hydrogen  is  no  doubt  taken  out  by  the  chlorine, 
but  at  the  same  time  some  of  the  water  wiiich  is  present  is  dceom- 

ed,  and  it«  oxygen  assists  the  disorganization  of  the  compound 
Ihieh  in  to  be  destroyed. 

Of  the  hydrogen ized  or  carbnretted  eompou  ids  exposed  to  the 
action  of  the  nascent  oxygen  in  the  foregoing  experiment,  those 
which  are  most  complex,  and  of  which  the  elements  are  held 
together  least  firmly,  will  of  coui^c  be  acted  upon,  bnmed  up, 
and  destroyed.  As  a  rule,  the  coloring- matters  ai'e  far  more 
eosily  oxidized  than  the  cotton  cloth ;  hence  they  can  readily  be 
removed  by  the  action  of  chlorine,  without  injury  to  the  cloth. 
But  if  the  action  of  the  chlorine  were  to  be  continued  after  the 
coloring -matter  had  been  destroyed,  the  doth  itself  would  gra- 
dually be  burned  up. 

In  actual  practice,  where  the  duration  of  the  exposure  of  the 
cloth  to  the  chlorine  is  carefully  regulated,  and  the  portions  of 
bleaching  liquor  which  at  first  remain  adhering  to  the  cluth  art> 
completely  removed  by  washing  and  by  cliemical  treatment,  the 
prooeeis  is  portcctly  safe  and  trustworthy  as  regards  cotton  or 
e?©n  linen ;  but  the  animal  fibres,  such  as  wool  and  silk,  are  of 
more  complex  composition  than  cotton  and  linen;  they  cannot 
be  bleached  by  chlorine,  since  this  gas  would  attack  and  dis- 
organize them. 

116.  In  destroying  noxious  effluvia,  chlorine  eitlier  acta  upon 
thetn  as  upon  coloring-matters,  or  it  simply  takes  away  hydrogen, 
as  in  the  case  of  sulphuretted  hydrogen  hereafter  to  be  studied. 
Putrid  animal  matter  may  be  rendered  comparatively  odorless,  by 
iprinkling  it  copiously  with  chlorine-water ;  hence  a  Holution  of 

tlurine  finds  some  application  in  inquests  and  judicial  investi- 

Uions. 

Tlie  energy  with  which  chlorine  sebes  upon  hydrogen  may  be 
farther  illut^trated  by  causing  chloiine  to  act  upon  ammonia- water, 

Krp,  f$4 — Into  a  glass  tube.  No,  1,  about  a  metre  long,  pour  enough 
chlorine- water  to  fill  it  nine-tenths  fuD,  and  then  amniDnin* water 
enough  to  fill  the  remaining  sjmce.  Close  the  tube  with  the  thumb, 
invert  it  aod  place  it  in  an  upright  position  upon  the  water- pan.    Tlie 
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ammonia- water,  mi)g  apecificnlly  linrhter  than  the  enlution  of  cblo- 
rine,  will  How  upwards  and  become  mixed  with  the  latter;  a  reaction 
will  immediately  ensue;  some  of  the  chlorine  will  unite  with  the  hy- 
drciisfun  of  a  portion  of  the?  aramonlai  to  form  chlorhydric  acid,  and 
nitrogen  will  be  set  free.  Numberless  little  bubbles  of  this  gas  will 
Mcape  from  the  liquor  and  collect  at  the  top  of  the  tube,  and  may  be 
subsequently  tested  with  a  bui"uinfr  match.  The  chlorhydric  acid 
formed  unit^^  with  the  remainder  of  the  ammonia  to  form  chloride 
of  ammomum : — 

4NH,  +  SCI  =.  N  +  SNH.CL 
By  modifj-in^  the  appaiatus  employed  in  the  foregt)ing^  experiment, 
so  that  A  currprit  of  chlorine  can  be  passed  into  a  vessel  contain iuj^ 
ammonia- water,  the  evolution  of  uiti-ogx^u  can  readily  be  made  con- 
tinuotiB,  and  large  quantities  of  the  gas  may  be  collected.  It  would 
be  an  excellent  and  easy  method  of  preparing  nitrogen  for  use  in  the 
laboratory,  were  it  not  that  care  muet  be  taken  that  the  ammonia 
shitll  always  be  present  in  considerable  excess.  If  this  precnution 
were  nep:lected,  then^  might  be  fonned,  by  the  action  of  the  chlorine 
upon  the  chloride  of  ammonium,  a  very  dangerous  compound  called 
chloride  of  nitrojcren.  As  prepared  by  this  method,  the  nitrogen  is 
always  contjimiuatod  with  a  certain  amount  of  oxygen. 

In  the  foregoing  experiment,  the  chloride  of  ammonium  which 
is  produced  remains  dissolved  in  the  water.  It  may  be  recovered 
by  evaporating  the  water,  or  a  new  portion  of  it  may  be  prepared 
by  mixing  chlorhydric  acid  with  ammonia. 

E-iy.  60. — Fill  one  half-litre  bottle  with  dry  ammonia-gas,  and 
another  t^-itb  dry  chlorhydric  acid  gas.  Invert  the  latter,  and  place  it 
over  the  former,  so  that  the  mouth  of  the  upper  bottle  shall  rest  upon 
that  of  the  lower.  The  giises  will  immediately  unite  to  form  solid  chlo- 
ride of  ammonium,  a  dense  white  cloud  of  which  will  fill  the  bottles : — 

Nil,  +  IlCl  =  Nll.Cl. 
One  volume  of  ammonia  unites  with  one  volume  of  chlorhydric  acid, 
and  the  gasei*  are  completely  condens/d  to  a  white  i*olid. 

1 1 7,  Chloride  of  nitrogen,  the  dangerous  compound  of  chlorine 
and  nitrogen  which  has  been  alluded  to  above,  is  formed  when 
chlorine  is  brought  into  contact  with  a  weak  solution  of  chlonde 
or  nitrate  of  ammonium  ut  the  temperature  of  15°  or  20**.  As  the 
chlorine  is  gradually  absorbed,  yellow  oily  drops  of  chloride  of 
nitrogen  form  upon  the  aurface  of  the  liquid,  and  soon  fall  to  the 
bottom : — 

NH,a  +  era  =  4Ha  +  no,. 
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rWoride  of  nitrogen  b  a  volatile  yellow  oil,  of  peculiar,  prne- 
tmting  odor;  it  is  insoluble  in  water,  and  doos  not  congeal  when 
exjiosod  to  cold.  Its  specific  gravity  is  l*Go3.  It  decomposes 
very  easOy.  Upon  being  heated  to  nearly  10(P,  or  touched  with 
ay  fat  or  oil»  with  turpentine,  or  with  various  other  substances, 
explodes  with  extreme  violence  ;  indeed  it  often  explodes 
spontaneously,  without  any  apparent  cause.  A  single  drop  of  it, 
ploded  upon  a  glass  or  porcelain  dish,  shatters  the  vessel  to 
onisu  The  preparation  and  handling  of  this  body  re<iaire  the 
grc  utest  caution ;  it  should  nerer  be  prepared  by  the  novice  in 
chemistay. 

118*  We  hare  heretofore  adduced  experimental  proof  of  every 
^position  and  statement  so  far  as  was  possible  at  such  a  stage 
the  student's  progress.  The  chemical  properties  of  the  four 
elemrnta,  oxygen,  nitrogen,  hydrogen,  and  chlorine,  have  been 
exhibited  by  experiment,  the  composition  of  many  of  tlieir  most 
important  compounds  has  been  demonstrated  by  analysis  or  by 
ti thesis,  or  by  both  these  methods,  and  the  rliemical  properties 
Df  these  compounds  have  been  illustrated  by  actual  experiment 
Several  objects  have  been  thus  attained: — first,  exjierimentnl 
>  methods  of  reseitrch  have  been  illustrated  by  tangible  examples  ; 
[)ndly,  the  foundation,  scope,  and  application  of  inifKirtant 
Rws  of  chemical  combination  have  been  explained ;  thirdly,  four 
leading  elements  have  been  minutely  studied — hydrogen  (the 
standard  atom  and  the  unity  of  specific  gravity  for  gases), 
I  axygen,  nitn>gen,  and  chlorine  (three  widely  diffiised  elements, 
(en^h  of  which  is  the  tirst  member  and  prototype  of  an  important 
group  of  elements,  many  of  whose  properties  we  shall  hereafter 
find  we  have  already  become  acquainted  with  in  studying  the 
prototyfies) ;  fourthly,  three  compounds  of  tliese  elements  have  ! 
been  carefully  studied — chlorhrdric  acid,  water,  and  ammonia 
— compounds  which  are  not  only  interesting  in  themselves*  but 
of  great  «igni£cance  as  types,  or  models,  of  three  large  groups  of 
compounds  whose  properties  we  have  really  been  studying  while 
we  studied  their  types. 

From  this  point  for\\'ard  the  student  mil  bo  asked  to  accept 
on  trust  many  facts,  drawn  from  the  accumulated  stores  of  the 
adcnoe  and  resting  on  satisfactory  evidence,  the  full  exposition 
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of  which  would  be  both  tediouB  and  inappropriate.  The  subject- 
matter  of  chemistry  is  so  vast  and  various  thiit  it  will  be  neces- 
sary to  select  from  the  gref^t  mass  of  mateiial  only  the  most 
valuahle  portions,  and  to  dwell  only  on  those  elements  and  com- 
pounds which  are  of  practieal  importance  in  the  meful  arts,  or 
which  are  of  intereBt  in  connexion  with  instructive  theories  or 
recognized  laws  of  the  science. 

119.  Compounds  of  Chlonne  and  0.iyfjen, — Free  chlorine  doeg 
ot  combine  directly  with  free  oxygren.  But  by  resorting  to 
indirect  methods  several  compounds  of  the  two  elements  can  be 
ohtiiined.  As  many  as  five  different  oxides  of  chlorine,  enume- 
rated below,  have  been  described,  though  as  yet  some  of  them 
iiro  known  only  in  combination  with  water  or  other  substances, 
and  not  in  the  free  condition  : — 


Kames. 
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li?0.  Ihjpochhrous  Acid  (CljO). — If  a  smull  quantity  of  slaked 
limo  (hydrate  of  calcium)  ho  thrown  into  a  bottle  of  chlorine  gaa* 
and  the  mixture  be  then  left  to  itself  during  several  hours,  the 
chlorine  wiD  he  completely  absorbed,  and  there  will  he  formed 
two  compounds,  ono  of  which  will  be  found  to  be  hypochlorite 
of  calcium,  the  other  cbloiide  of  calcium*  The  reaction  may  be 
thus  formulated: — 

2(CaO,H^O)  +  4Cl  ==  CaO,CI,0  +  CaCl.  H-  2H,0. 
Tliis  mixture  is  a  substance  much  used  in  the  arts  under  the 
technical  names  '*  chloride  of  lime,"  and  **  bleaching-powder ; "  it 
will  be  again  referred  to  hereafter. 

121.  Hydratcd  hypochloroas  acid  may  be  prepared  from 
**  blcaching-powder ;"  the  Bolution  has  a  yellowish  color,  an 
acrid  taste,  and  a  peculiar  sweet  odor,  Wben  concentrated  it 
decomposes  rapidly,  even  if  kept  upon  toe.     Dilate  solutions  are 
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m^P^  stable,  but  tbej  decompose  slowly  upon  being  boilefl,  H<- 
jKtciilorous  aeid  is  a  powerful  oxidizing  and  bleiicUing  agei^c 
Ite  solution  produces  at  once  effects  which  are  only  slowly  ob- 
tidned  when  chlorine-water  is  employed. 

Anhydrous  hypocWorous  acid,  which  may  be  obtained  by  re- 
moving tlie  water  from  the  aqueous  solution,  is  a  gas  of  pale 
yelluw  color  and  otfensive  odor,  somewhat  resembling  that  of 
chlorine.  It  decomposes  very  easily  into  2  volumes  of  chlorine 
and  I  Tolume  of  oxygen ;  even  the  warmth  of  the  hand  is  suf- 
ficient to  decompose  it;  and  it  is  difficult  to  preserve  it  unchanged 
evea  for  a  few  hours.  At  low  temperatures,  such  as  are  pro- 
duced by  a  mixture  of  ice  and  salt^  the  gas  oondennes  to  a  dark 
orange-colored  hquld,  heavier  than  water  and  verj'  explosive. 

122,  Chlorous  Acid,  Cl^O^^  may  be  obtained  by  deoxidizing 
ehlorjc  acid  by  means  of  nitrous  acid.  When  in  the  anhydrous 
condition  it  is  a  gas  of  a  yellowish-green  color,  iiquefiable  by 

itreme  cold.  It  is  a  dangerous  compound  to  prepare,  since  at 
Qpcraturcs  above  57^  it  decomposes,  with  explosion,  into  chlo- 
tlne  tttid  ojcygen.  It  is  readily  soluble  in  water,  and  the  isolation 
pStiauts  strong  bleaching  and  oxidizing  properties.  It  is  a 
weaker  acid  than  chloric  acid,  §  124,  but  resembles  it  in  many 
fespecta.  With  metallic  oxides  it  unites  to  form  compoumla 
called  chlorites. 

123,  Hi/pOi'JJoric  Acuf,  CIO,. — This  very  explosive  compound 
may  be  prepared  by  gently  bt^ating  a  mixture  of  chlorate  of 
potassium  and  concentrated  snlphuHc  addi  The  gas  is  of  a 
brifrht  yellow  color  and  aromatic  odor.  Upon  being  exposed  to 
da^^  light  or  to  a  tenip'?rature  somewhat  below  the  boilinj^-poinr  of 

iter,  it  decomposes  into  oxygen  and  chlurine,  the  decomposition 
usually  attended  with  explosion.  The  preparation  of  the 
gaa  is  dangcroim,  and  should  never  bo  attempted  unless  upon  a 
Tery  small  8<^rile.  At  the  temperature  of  a  mixture  of  ice  and 
salt,  the;  gaa  condenses  to  a  yellow,  highly  explosive  liquid. 

124,  Ctd^nc  Acid,  Cl^Oj.— In  the  present  state  of  scrieuoe  this 
w  the  most  important  of  the  compounds  of  oxygen  and  chlorine, 
;c  is  not  known  in  the  free  state,  and  in  the  hydrated  condition 
^i^  nrver  been  obtained  with  leas  than  1  molecule  of  water, 


118 


PEfiCHLORIO  ACID, 


When  a  current  of  cldorine  id  made  to  flow  into  a  cold  dilute  aqueous 
solution  of  caustic  potash,  a  mixture  of  hypochlorite  and  of  chloride  of 
potftsaium  ia  prodticud : — 

^(Kp^H^O)  4-  4C1  ^  K,0,01,0  +  2KC1  +  SHjO,— 
the  reaction  being  analogous  to  that  between  lime  and  chlorine,  de* 
ikrribed  in  §  120.  But  if  the  conditions  as  to  the  concentnition  and 
temperature  of  the  solution  of  potash  be  changed — if,  instead  of  usin^ 
a  dilute  eolution,  chlorine  be  passed  into  a  moderatelj  strong  hot  solu- 
tion of  caustic  potash,  or  of  cavbooate  of  potassium,  h^^ochlorous  acid 
will  no  longer  be  formed,  but  iuatead  of  it  chloric  acid.  The  reaction 
m&y  be  expressed  as  follows  :— 

6(K,0JI,0)  +  12C1  ^  KACIA  +  ^OKCl  +  eH,0. 
Chloride  of  potassium  is  formed  as  before,  but  the  reniiiindt^r  of  the 
chlorine  is  now  more  highly  oxiiiixed*  Chlorate  of  potassium  i«  leaa 
soluble  than  chloride  of  potaa.sium  ;  it  eeparate^  in  flat  tabubir  crystals 
after  the  li(juid  bns  been  concentrated  by  evaporation  and  cooled.  It 
ia  the  substance  which  was  employed  for  making  oxygen  in  Exp.  7. 

Chloric  acid  ct>uld  he  prepared  dirtx'tlv  from  chlorate  of  potassium  by 
boiliug  a  jiolution  of  this  substance  with  duoailicic  acid.  An  almodt 
ins4,jiuble  fluo.silicate  of  potii^'iaium  would  be  fonned,  and  chloric  »U'id 
set  free.  But  an  easitr  method  i»  to  iii'st  conyert  the  ehlomte  of  potas^ 
Slum  into  chlorate  of  barium,  aod  to  liberate  the  chlin'ie  iicid  from  thia 
salt  by  means  of  sulphuric  acid,  with  which  barium  forms  a  remorkHblj 
inaoluble  compound : — 

BiO,CljO,  +  HjO^SO,  =  BaO.SOjj  +  HjO^CljO,. 
The  Rolutiun  of  chlorie  acid  is  separated  from  the  insoluble  sulphate 
of  barium  bv  filtration,  and  concentrated  by  evaporation  over  fiulphuric 
ftcid  in  the  exhausted  receiver  of  an  air-pump.  By  cautious  evapora^ 
tion  the  acid  may  be  brought  to  a  sjTupy  consistence,  but  is  then 
rather  eaaily  decomposed,  especially  if  it  be  heated  or  ex]»osed  to  light 
At  the  temperature  of  boiling  it  h  rapidly  convert<*d  into  perchloric 
acid,  water,  chlorine,  and  oxygen.  It  ijj  a  strong  acid,  and  a  powerful 
oxidizing  and  hleM(?hing  agent 

125,  Pet'Monc  Afid,  Ofi^,  is  formed,  as  above  stated,  when 
an  aqueoua  uolutioii  of  cMorlD  aoid  is  boiled ;  being  Tolatile  it  maj 
be  dibtilled  off  and  collected.  A  compound  of  this  acid  and  po- 
tassium, perehlorate  of  potassium,  can  be  obtained  by  heating 
chlorate  of  potuA&ium  to  a  certain  temperature,  rcrcliloric  acid 
la  a  more  stable  compound  than  either  of  the  other  oxides  of 
cUorine.     The  dilute  aqueous  solution  may  bo  coucentratcd  by 
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BporaHon  over  fire,  even  at  high  tcmp^^ratnrea.  The  hrdratt^ 
H^OjCljjO,  is  a  coiorlesa,  oily  liquid,  which  hoils  ut  203*, 
and  has  a  fipecific  gravity  of  1-782,  It  is  a  powerful  oxidizing 
agent 

The  student  will  do  well  to  compare  this  seriea  of  oxides  of 
chlorine  with  that  of  the  oxides  of  nitrogen,  and  to  note  the 
points  in  which  the  two  Beries  resemble  and  those  in  which  they 
differ  from  each  other. 


CHAPTER    IX. 


BBOICIKE. 

12B»  Bromine  is  an  element  eloscly  allied  to  chlorine.  It  is 
found  in  small  quantities  in  sea-wator,  and  in  the  water  of  many 
saUne  springs,  1  litre  of  sea- water  contains  from  001 43  to 
1*1005  grm.  of  it.  As  it  exists  in  nature  it  is  combined  with 
ptaU,  bromide  of  magnesium  being  the  compound  most  com- 
monly  met  with.  Bromide  of  magnesium  is  a  constituent  of  the 
uncr\*»tallizable  residue,  called  bittern,  which  remains  after  the 
chloride  of  sodium  has  been  crystallized  out  from  tlie  natural 
hnne* ;  at  several  saline  springs  this  bittern  contains  so  large  a 
proportion  of  the  bromide  that  bromine  can  be  profitably  extracted 
from  it.     Most  of  the  bromine  of  commerce  is  thus  obtained. 

In  onler  to  obtain  bromine  from  th©  bittern,  the  latter  is  mixed  with 
hUck  oxide  of  mnn|Lrane«e  and  chlorhydric  acid^  and  heated  in  a  retort. 
Chlorine  Is  of  course  eTolved  from  tbeae  niatertalf  in  tbe  midat  of  tbe 
liquid ;  it  ivacta  uptm  the  bromide  of  magne^um  and  sets  free  brominei 
which  distils  over  into  the  receiver  as  a  dark-red,  very  heavy  liquid : — 
MgBr,  +  2Cl  ==  MgCl,  +  2Br. 

AQ  the  metallic  bromides  are  readily  decomposed  by  chlorine,  bro- 
mine being,  as  a  rule,  a  less  energetic  chemical  agent  than  chlorine. 

127.  At  the  ordinary  tt^mperature  bromine  is  a  liquid  of  dark 
Vrown-red  color,  about  three  times  as  heavy  as  water,  and  highly 
|>f>i3nnoiig.  Its  odor  is  irritating  and  disagreeablcj  whence  tbo 
name  bromine,   derived  from  a  Greek  word  and  signifying  a 
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stencL.    It  boils  at  about  GO'',  but  is  very  volatile  even  at  tlie 
ardiuary  temperature  of  the  air, 

Exp.  66.— By  means  of  a  small  pipette,  tbrow  into  a  flask  or  bottle, 
of  tlie  fftpacily  of  1  or  2  litres,  3  or  4  drops  of  bromine.  Cover  the 
bottle  loosely,  and  leave  it  standing.  In  a  abort  time  it  will  be  filled 
with  a  red  vapi:>r,  which  ia  bromine  gas,  Thia  vapor  ia  very  heavy, 
more  than  five  timea  as  heavy  as  air,  and  eighty  times  as  beavy  as 
bydrog-en. 

At  about  7°  bromine  crystallizes  in  brittle  plates.  It  dissolves 
sparingly  in  water,  but  is  soluble  in  alcohol,  and  in  all  propor- 
tions in  ether. 

In  its  chemical  behavior,  as  well  as  in  many  of  its  physical 
properties  J  bromine  elosely  resembles  chlorine.  Its  affinity  for 
bydrogen,  though  weaker  than  that  of  chlorine,  is  stili  power- 
ful. Like  chlorine^  it  is  an  energetic  bleaching  and  disinfecting 
agent,  and  it  decomposes  the  vapor  of  water  when  pass<:?d  with  it 
through  a  tube  heated  to  bright  redness,  bromhydric  acid  and 
oxygen  being  the  produetB  of  the  reaction.  A  lighted  taj>er  buma 
for  an  instant  in  bromine  vapor  and  is  then  extinguished.  Phos- 
phorus, antimony,  pot^issium,  and  the  like,  take  fire  on  being 
tbrowTi  into  bromine,  in  the  same  way  as  in  chlorine,  a  bromid 
of  the  other  element  being  produced. 

Mrp,  67. — Fit  a  thin  cork  to  a  large,  wide-mouthed  bottle ;  perfo-" 
rate  the  eork,  and  tlirough  the  hole  pass  a  tube  uf  thin  gla.^!*  (No.  2) 
closed  at  one  end.  The  tube  should  n^ach  nearly  to  the  bottom  of  the 
bottle,  nnd  should  project  two  or  three  inches  above  the  cork.  Within 
the  tube  plac*'  a  few  drops  of  bromine  ;  throw  in  upon  this  a  very  iimidl 
quantity  of  tinely  powdered  antimony,  and  instantly  cover  the  mouth 
of  the  tube  with  an  inverted  crucible  or  wide-mouthed  phial,  in  order 
that  nothing  may  be  thrown  out  of  the  tube  by  the  violent  a*^tion 
which  attends  the  combination.  If  the  tube  be  broken,  \\s  fragments 
will  be  retained  within  the  bottle. 

Bromine  is  used  to  a  certain  extent  in  medicine,  and  largely  in 
photography.  In  the  chemical  laboratory  it  is  often  employed* 
not  only  for  its  own  sake,  but  as  a  substitute  for  chlorine ;  for, 
though  lesH  energetic,  it  is  more  manageable  than  the  latter,  espe- 
cially in  thoae  cases  where  a  liquid  is  dt*i>irablo. 

128.  Bromhijilric  Acid  (HBr). — In  8pite  of  the  strong  affinity 
of  bromine  for  hydrogen^  these  elements  cannot  readily  be  made 
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to  unite  directly.  A  mixture  qI  eqnal  volumes  of  hydrogen  and 
bromine  vapor  cannot  be  made  to  combine  with  explosioo  by  ex- 
poeure  to  the  stin'a  rays,  or  by  the  introduction  of  a  baniing 
lamp,  though  a  certain  amount  of  combination  occurs  in  the  im- 
mediate neighhorhood  of  the  flame.  But  by  immersiug  in  the 
mixtiift?  a  platinum  wire,  kept  red-hot  by  a  galvanic  current,  the 
two  elements  may  be  made  to  unite  slowly  ;  and  a  similar  re^t 
IB  obtained  by  passing  tho  mixed  gases  through  a  red-hot  tube. 

pJSramhydric  acid  gaa  can,  however,  be  readily  prepared  by  de- 
Dm|K»Biug  bromide  of  potassium  with  sulphuric  acid,  or,  hotter, 

'with  a  concentrated  solution  of  phosphoric  acid.  The  reaction  is 
analogous  to  that  in  which  ehlorhydnc  acid  is  obtained  Irom 
chloride  of  sodium : — 

2KBr  -\-  H^O,SO,  ^  K^O,SO,   +  2B:Br. 

If  sulphuric  acid  be  employed,  a  secondary  reaction  occurs;  a 
small  part  of  the  bromhydiic  acid  sutlers  decomjwsition,  and  the 
product  is  slightly  contaminated  with  free  bromine  and  with 
fiulphurous  acid : — 

2HBr  +   H,0,SO,  =   2Ki>   -h   2Br  +   SO,, 

Since  phosphoric  acid  does  not  thus  decompose  bromhydrio 
add,  the  latter  can  be  obtained  in  a  state  of  purity  by  distilling  a 
mixture  of  bromide  of  potassium  and  phosphoric  acid. 

129.  Bromhydric  acid  is  a  colorless,  irritating  gas,  which,  on 
eoming  in  contact  with  the  moisture  of  tlie  air,  fume^  even  more 
strongly  than  chlorhydiic  acid.  By  powerful  pressure  it  can  be 
reduced  to  the  liquid  condition,  and  upon  being  exposed  to  intense 
cold  it  may  be  obUiiued  in  the  form  of  a  cr}*stidline  solid. 

It  is  readily  solulde  in  water,  forming  a  f*trongIy  acid  solution 
which  resembles  ehlorhydnc  acid  in  many  respects,  and,  like  it, 
fumes  in  the  air.  A  ready  method  of  preparing  the  solution  is 
to  decompose  a  strong  solution  of  bromide  of  barium  with  sul- 
phuric acid  diluted  with  its  own  weight  of  water.  The  solution 
ol  the  free  acid  may  then  be  separated  from  the  insoluble  sulphate 
of  bfirium  by  tiltration  or  by  distillation. 

A\Ticn  the  solution  of  this  acid  is  mixed  with  nitric  acid,  there 
\  obtained  another  aqua  regia  capable  of  distiolving  gold  and  pla- 
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tinum,  like  the  mixture  of  chlorhydric  and  nitric  acids,  though  less 
readily. 

130.  The  gas  undergoes  no  change  when  passed  tl] rough  a 
red-hot  tube  ;  but.  it  ia  readily  decomposed  by  metals  like  potas- 
Bium  at  the  ordinnry  temperature,  and  by  tin  gently  heated,  A 
bromide  of  the  metal  is  formed  in  cither  ease,  and  there  remains 
a  volume  of  hydrogen  equal  to  half  that  of  the  original  gas.  Ob- 
ioiratiou  has  shown  that  the  specific  gravity  of  the  gas  is  very 
nearly  40'B,  or  half  the  sum  of  the  specific  gravities  of  bromine 
vapor  and  hydrogen.  From  this  fact  and  the  above  decomposi- 
tion of  the  gas  by  metals,  it  follows  that  bromhydric  acid  is  com- 
posed of  equal  volumes  of  bromine  and  hydrogen  united  without 
condensadoD. 

131.  Bn>mic  Add^  Hj,0,Br^Oj. — ^Only  one  oxide  of  bromine 
has  been  studied,  and  even  this  has  never  been  obtained  free  from 
water.  It  is  broraic  acid,  a  substance  corresponding  to  chloric 
acid  in  compasilion  and  properties.  Its  compounds,  also,  known 
as  broraates,  generally  resemble  very  closely  the  corresponding 
ohloraies. 

Bromate  of  potassium  can  be  obtained  by  the  action  of  bromine  lipon 
potash-lye^  in  the  same  way  tbat  cblorate  of  potassium  is  obtained  by 
tliQ  action  of  ehlorine  :— 

6(KsO,H30)  +  ISBr  =  K,0,BrA  +  lOKBr  +  611,0. 

The  bromate,  which  is  less  soluble  tlian  the  bromide,  can  subse- 
quently be  separatnd  by  crystallization.  In  order  to  obtain  the  hy- 
dmted  acid,  bromate  of  barium  may  be  decomposed  with  dilute  sul- 
phuric acid  t — 

BaO,BrjC),  +  n,0,SO,  ==  BaO,SO,  -h  HjO,Br,0,. 

The  insoluble  ^ulpbate  of  barium  is  separated  by  filtration.  The 
acid  solution  ean  be  eourentmted  to  a  certain  extent  by  evaporation 
at  a  gentle  heat,  but  cannot  readily  be  brouprht  to  a  syrupy  con^^istency 
without  decomposition.  It  decom poises,  also,  on  being  heated  to  100'^ 
ftiid  in  general  p\m  up  oiy^'^en  on  being  brought  into  contact  with  sub- 
itances  which  readily  combine  with  that  element. 

132.  ffppohr&motu  Add^  'Rfi^^rfl, — There  can  be  no  doubt 
of  the  existence  of  an  oxide  of  bromine  corresponding  to  hypo- 
chlorous  acid.  "WTicn  bromine  is  added  to  an  excess  of  a  soltition 
of  nitrate  of  silver,  a  liqiiid  of  strong  bleach ing-properUea  is 
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obtained,  from  which  a  yellowish,  acid  fluid  may  be  distilled. 
This  distilliite  bleaches  strongly,  and  yields,  on  analysis,  numbers 
corresponding  with  the  ab«ve  furmula.  When  cold  dUuto  alka- 
line solutions  are  miited  with  bromine  they  acquire  a  power  of 
bleaching^  and  in  general  behave  like  the  alkaline  hypochlorites, 
which  are  formed  under  similar  conditions.  So  too  when  bro- 
mine-water is  treated  with  red  oxide  of  mercuiy ;  a  sparingly 
soluble  oxybromide  of  mercury  is  formed,  together  with  a  bleach- 
ing liquor  supposed  to  contain  hypobromous  acid. 

The  analogies  which  subsist  between  chlorine  and  bromine  are^ 
however,  everywhere  so  clearly  defined  that  there  is  good  reason 
to  believe  that  other  oxides  of  bromine,  corresponding  to  those  of 
chlorine,  will  be  sooner  or  later  discovered. 

133.  Chloride  of  Bromine,— hiquid  bromine  absorbs  a  largo 
quantity  of  chlorine-gas  when   the  two  elements   are   brought 

ether,  and  there  is  formed  a  very  volatile  liquid  called  chloride 
^  bromine.     It  exhales  a  pungent,  irritating  odor,  and  is  soluble 
in  water ;  the  solution  possesses  considerable  bleaching*power. 

134,  Bromids  of  I^itrofjtm  is  an  explosive  compound  analogona 
to  chloride  of  nitrogen,  from  which  it  may  be  prepaied  by  meaos 
of  bromide  of  potassium. 


CHAPTER   X. 


1 0  ]>  I  ir  s« 

135*  In  its  chemical  properties  iodine  bears  a  striking  resem- 
blanoe  to  bromine,  and  consequently  to  chlorine  also*  It  exists 
in  Headwater  and  in  the  water  of  many  e aline  and  mineral  springs. 
The  prf»portion  of  iodine  in  sea-water  is  exceedingly  small,  being 
even  smaller  than  that  of  bromine.  But  iodine  is  obtained  more 
wadily  than  bromine  ;  for  iodine  is  absorbed  from  sea-water  by 
various  marine  plants,  which,  during  their  growth,  collect  and 
ounetutraie  the  minute  quantities  of  iodine  which  the  eoa-water 
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contains,  to  bucIi  an  extent  that  it  can  be  extracted  from  tli 
with  profit. 

Upon  the  coftste  of  Scotland,  Irelandi  and  France,  wliei*©  labor  is 
chi*ap,  tbe  sea-weeda  which  contain  ir)diae  are  collected^  dried,  and 
burned,  at  a  low  heat,  in  shallow  pits.  The  half-fused  ashejj  thui^ 
ol)taiiicd,  called  kelp  av  var^'C,  fontaiiis,  among  other  things,  iodine  in 
the  form  of  iodide  of  sodium  and  iodide  of  potassium.  It  is  lixiviated 
with  boiling  waten  and  the  solution  i*  then  evaporat€?d  and  S43t  aside 
to  m  stallize.  The  iudidea,  being  much  more  aolnble  than  the  other 
con!Htilu*'nt«  of  the  nsh,  remain  diftsohed  in  the  mother-liquor  after 
moat  of  the  other  snlts  havt?  crvstnllijciid  out-  If  this  mother-liquor* 
or  iodihC'life^  be  now  mixed  with  a  small  qimntity  of  .sulphuric  acid 
ftDd  left  to  itself  for  a  day  or  two,  it  may  bft  freed  from  a  further  portion 
of  impurity ;  it  is  then  transferred  t^  a  leaden  retort,  mixed  with  a 
fiiiitable  qunntity  of  powdered  black  oxide  of  manganese,  and  jjently 
heated,  lodin^^  i.*^  set  free^  juat  iw  chlonne  would  be  from  chloride  of 
godium  under  tjimOar  circiunetances,  and  may  be  collected  in  appix)- 
prijile  receivers : — 

2NaI  4-  2(H,0,S0,)  +  MnOj  ^  Xa,0,SO,  +  MnO,SO,+  2TI,0  +  21. 

136,  At  the  ordinary  tomperature  iodine  is  a  aoft«  heavy, 
crystalline  solid  of  bluish-hlack  color  and  mctnllie  lustre.  Its 
epecific  gravity  is  4*ms.  It  melts  at  a  teraperaturo  (107®)  a 
little  above  that  at  whieh  water  boils,  and  boils  at  a  Romewliat 
higher  temperature  (178^-180'*) ;  but  in  spite  of  thia  h\^\\  boil- 
ing-point it  evaporates  rather  freely  at  the  ordinarj'  temperature 
of  the  air,  and  the  more  rapidly  when  it  is  in  a  moist  condition. 
It  mny  be  entirely  volatilized  by  heating:  it  upon  writing -paper. 
Ita  odor  is  peculiar,  somewhat  resembling  that  of  chlorine,  but 
weaker,  and  easily  distinguished  from  it,  Ita  atomic  weight 
ial27. 

The  vapor  of  iodine  is  of  a  magnificent  ptirplo  color,  whenee 
the  name  iodine,  derived  from  a  Greek  word  signifying  violrtt- 
colored  ;  it  is  very  heavy,  indeed  tlie  heaviest  of  all  known 
gases  ;  it  is  nearly  nine  timea  as  heavy  as  air.  The  specific  grant j 
of  the  vapor  is  127. 

Exp,  68. — Hold  a  dry  test-tube  in  the  gas-lamp  by  means  of  the 
wooden  nipperst  and  warm  it  along  it?i  entire  length,  in  so  far  a«  this 
i»  pnirlieable.  Drop  into  the  hot  tube  a  small  fi-aginentof  iodine,  and 
ohM*rve  the  vapor  lui  it  rises  in  the  tube.    If  only  a  small  portion  of 
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f  te  tube  were  heatet),  the  rnpor  would  be  deposited  as  solid  iodine 
np^n  the  cold  part  of  its  -wells. 

137.  ^cilid  iodine  is  never  met  mth  ia  the  amorphous,  shape- 
stiitif  in  which  glass,  resin »  coal  and  many  other  substances 

"oecur.  No  matter  how  obtained,  its  particles  always  exhibit  a 
dt?finite  crystjilline  stiucture.  If  the  iodine  be  melted  and  then 
lowed  to  cool,  or  if  it  be  converted  into  vapor  and  this  vapor  bo 
^nhsefjuentij  condensed,  crystab  will  be  formed  in  either  case. 
Pc^l-focl  crystals  can  be  still  more  readily  obtained  by  disaolving 
iine  in  an  aqueous  solution  of  iodohydric  acid,  and  exposing  this 
Intion  to  the  air  in  a  nai  row- necked  or  loosely  stoppered  bottle ; 
the  iodohydrtc  acid  wUX  be  slowly  decomposed  by  the  action  of 
Sfttxnospheric  oxygen,  and,  as  it  decomposes,  well-de£ncd  erys- 
(  of  iodine  will  be  deposited* 
In  whichever  wny  propai'ed,  the  crystals  of  iodine  are  octahe- 
drons with  a  rhombic  base,  belonging  to  the  crystalline  *»y8tem 
calkd  trimetric.  As  commonly  seen,  the  crystals  are  thin, 
flattened  tables,  distorted  by  excosaivo  elongation  in  one  di- 
rection. 

138.  Iodine  is  scarcely  at  all  soluble  in  watcr»  thongh  enough 
dissolves  to  impart  a  brown  color  to  the  water  ;  but  it  dissolves 
readily  in  alcohol  and  ether.  These  solutions  are  much  used  in 
medicine,  particularly  the  alcoholic  sohition,  which  is  called  tinc- 
toiro  of  iodine.  WTien  swallowed  in  the  solid  state,  iodine  acts  us 
an  energetic  corrosiye  poison  ;  bnt  several  of  its  compounds,  and 

element  it^lf  when  taken  in  small  doses,  are  highly  prized 
I  medicaments.     It  is  also  largely  employed  in  photogra])hyj  and 
fa  a  useful  reagent  in  the  chemical  laboratory, 

139.  As  has  been  already  stated,  iodine,  in  its  chemical  beha- 
vior, resembles  chlorine  and  bromine,  only  its  affinities  are  more 
feeble.  It  enters  into  combination  with  less  energy  than  either 
of  thc*G  element^!,  and  is  displaced  by  them  from  most  of  its  com- 
binations.    Like  them,  it  unites  directly  with  the  metals  and  with 

reral  other  elements.  It  gradually  corrodes  organic  tissues, 
destroys  coloring-matters,  though  but  slowly.  No  oxygen  is 
giircn  off  from  the  aqueous  solution  when  this  is  exposed  to  sun- 
n|$ltt ;  bat  the  color  of  the  solution  slowly  disappears,  and  a  mix- 
tmte  of  iodohydric  and  iodic  acids  is  formed  in  it. 


TESTiyo  FOB  lODOri. 

A  singular  property  of  iodine  is  its  power  of  forming  a  bltie 
compound  with  starch. 

Eacp.  69. — Prepare  ii  quantity  of  thin  starch-paste  hy  boUing  W  c,  c. 
of  water  in  a  porcelain  dish,  and  stirring  into  it  0*5  gnn*  of  starch 
which  has  previou?*ly  been  reduced  to  the  consistence  of  cream  by 
rubbing  it  in  a  mortar  with  a  few  drops  of  water. 

Ponr  8  or  4  drops  of  the  paste  into  10  a  c,  of  water  in  a  test-tube 
find  -<shakt^  the  mixture  so  that  the  paste  may  be  eqtiably  difTu.sed 
through  the  wat^^J  then  add  a  drop  of  an  iiqueous  solution  of  iodine, 
and  observe  the  btmutiful  blue  color  which  the  solution  assumes.  If 
the  solution  be  heated  the  blue  coloration  will  disappear,  but  it  reap- 
peara  when  the  liquid  is  allowed  to  cooL 

Dip  a  Btrip  of  white  paper  in  the  starch-paste  and  suspend  it,  while 
gtill  moist,  in  a  large  bottle,  into  the  bottom  of  which  two  or  three 
crystals  of  iodine  have  been  thrown.  As  the  vapor  of  iodine  slowly 
diilhscs  throug-h  the  air  of  the  bottle  it  will  at  last  come  in  contact 
with  the  ataich;  and  after  some  minutes  the  paper  wiU  be  colored 
blue. 

This  reaction  furnishes  a  Tery  delicate  test  for  iodine.  By  its 
meana  it  has  been  proved  that  iodine,  though  nowhere  very  abun- 
dant, is  very  widely  distributed  in  nature ;  traces  of  it  have  been 
detected  in  land  plants,  and  in  many  well,  river,  and  spring 
waters,  also  in  rain-water,  and  even  in  the  air ;  indeed  it  would 
be  difHcult  to  say  where  iodine  is  not* 

In  order  that  it  may  be  detected  by  this  test,  the  iodine  must 
be  free  or  nneombined.  But,  as  has  been  stated,  chlorine  readily 
expels  iodine  from  most  of  its  combinations.  In  case,  then,  we 
have  reason  to  suspect  the  presence  of  a  compound  of  iodine 
(iodide  of  potassium,  for  example)  in  any  substance,  a  small  quan- 
tity of  chlorine -water,  or  of  some  other  agent  capable  of  expelling 
iodine,  must  be  added  to  this  substance.  Once  displaced  from 
ita  eombinetion,  the  iodine  may  be  at  once  detected  by  means  of 
starch, 

Mrp,  70^ — Place  in  a  test-tube  10  c.  c.  of  water,  a  drop  of  concen- 
trated aqueous  solution  of  iodide  of  potassium,  and  3  or  4  drops  of  the 
Btarch-paste  of  Exp.  l59.  If  the  iodide  of  pota'*»iuni  be  pure,  no  colo^ 
ration  will  occur.  Add  now  2  or  3  drops  of  chloriue-wat*'r»  midshakd 
the  tube.     The  chnracteristic  blue  colomtion  at  once  appears. 

In  order  to  illustrate  the  extreme  delicacy  of  tliis  read  ion,  dissolve 
0^14  gmL  of  iodide  of  potassium  in  I  litre  of  wateri  and  to  this  sola* 
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tion^  which  cent  aids  1  port  of  iodine  in  10,000  parts  of  water,  add  some 
of  the  starch-paste  and  aeveral  drops  of  red  fuming  nitric  acid,  a  re- 
agent on  Butue  accounts  better  fitted  than  chlorine  to  disengrage  iodine 
in  this  experiment  (see  §  I'SO).  After  a  time  the  solution  will  exhibit 
the  hliifi  eoLoTi  though  in  solutions  so  dilute  a3  this  it  sometimes 
happena  that  the  coloration  appears  onl^  after  the  lapse  of  aeyeml 

It  follows,  of  course,  from  the  fore^ing  experiment,  that  the 
reaction  of  iodine  upon  starch  can  be  used  as  a  test  for  those 
aaltstances  which,  like  chlorine  or  nitric  acid,  are  capable  of  set- 
ting fxve  iodine,  as  well  as  for  iodine  itself.  In  the  chemical 
laboratory  it  is  ciistomanr  to  keep  on  hand  for  thb  purpose  a 
store  of  paper  upon  which  has  been  spread  a  mixture  of  starch- 
paste  and  iodide  of  potassium^  prepared  as  follows: — 

Mrp.  71* — Dissolve  0-5  gnu.  of  pure  iodide  of  pota^um  (free  from 
iodatej  in  100  c.  c.  of  water ;  boil  this  solution  in  a  porcelain  diiih  and 
stir  into  it  6  grms.  of  tinelj  powdered  starch,  taking  care  not  to  hum 
the  starch,  and  stirring  until  the  mass  gt^atini^es.  Remove  the  lamp^ 
allow  the  pa.«te  to  become  cold^  and  by  means  of  a  wooden  spatula 
spread  it  tliinlj  upon  one  side  of  white  gliized  paper.  The  paper  is 
then  dried^  out  into  strips  about  8  cm.  long  hy  2  wide^  and  preserved 
in  stoppered  bottles  kept  carefully  closed. 

£r^.  72. — Pltice  in  a  tei»t*tube  a  small  quantity  of  binoxide  of  man- 
gwe^c*,  pour  upon  it  4  or  5  c.  c*  of  chlorhydric  acid,  heat  the  mixture, 
and  hold  at  the  top  of  the  tube  a  moistened  strip  of  the  te^t-paper 
which  was  prepared  in  the  preceding  experiment  The  chlorine  evolved 
hy  the  reaction  of  the  chlorhydric  acid  upon  the  binoxide  of  manga- 
Dt^se  seta  fipee  iodine  from  the  iodide  of  potas^^ium  upon  the  test-paper, 
and  the  =  larch  is  thereby  coloured  blue.  The  presence  of  chlorine  in 
chlorhydric  acid  is  thus  made  apparent.  By  this  test  we  might  dia- 
criminate,  for  example^  between  dilute  nitric  and  chlorhydric  acids, 

140.  If^hydrie  Acid  (HI).  —  Hydrogen  and  iodine  do  cot 
readily  unite  together  directly.  There  is  here  nothing  to  recall 
the  exph>bive  viv>lerjce  ^4th  which  chlorine  and  hydrogen  com- 
bine, Sunlight  has  no  power  to  bring  about  the  union  of  the 
two  elomcnta  at  the  onlinary  temperature ;  but  when  a  mixture 
of  hydrogen  giis  and  iodine  vapor  is  passed  through  a  red-hot 
tube,  i*^Kiohydiic  acid  is  formed.     It  has  been  observed,  also,  that 

nugy  platinum  will  cause  the  union  of  the  two  elements  even  at 
nary  temperatures.     Even  when  indirect  methods  are  reported 
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to,  it  is  less  easy  to  prepare  iodohydric  acid  than  chlorhydric  err 
bromhyrlric  acids. 

If  iodide  of  sodium  be  distilled  witli  mjlpbnnc  acid,  there  will  be 
obtained  but  little  iodnbYdntiacid  ;  for  most  of  that  which  if*  prodtifed 
at  first  will  b«  sab9<jqueufly  tie? troy ed  by  the  action  of  siilphitri<^  m^id, 
in  the  same  wav  bs  hii]JpeEs  to  a  leas  cxtoot  with  bromhydric  acid, 
S  138. 

Aj9  &st  aa  iodohydric  acid  is  formed  in  accordance  with  the  reaction 
2NftI  +     R,Sn^  =  Na^SO,  +  SHI, 

mofit  of  it  is  decomposed  by  another  portion  of  sulphiiiic  acid,  in  a 
manner  which  may  be  thus  represented: — 

2H1  +  H,SO,  =  2H,0  +  SO,  +  21. 
Solutiona  of  iodohydric  acid  can,  however*  be  readily  obtained  by  the 
action  of  iodine  upon  a  compound  of  sulphnr  and  hydrogen,  called 
eulphydric  acid.  In  pnictice,  a  current  of  sulphydric  acid  gm  is  made 
to  pa*?  throncrh  wnter  in  which  finely  divided  iodine  h  krpt  sufipended 
by  ajj^itation,  Thi?  sulphydric  acid,  the  fonnula  of  which  is  lljS, 
reacts  upon  21,  and  there  is  formed  2111  and  &ee  sulphur,  which  is 
depoaited. 

A  solution  of  iodohydric  acid  may  alao  be  obtained  by  distilling  a 
mixture  of  iodine^  phosj^hortis,  iind  much  water^  in  which  case  the 
phosphorufl  unites  with  the  oxygen  of  a  portion  of  the  water,  while 
the  itxline  talces  the  hydrogren.  Or  it  may  be  prepared  by  decompo- 
sinf?  an  aqneou**  solution  of  iodide  of  barium  with  an  equivalent  quan- 
tity of  dilntt*  euIphuHe  «dd,  and  filtering  off  the  solution  from  the 
iudolnble  sulphAte  of  barium. 

141.  The  dilute  acid  obtained  by  either  of  these  methods  can 
be  concentrated,  by  t^vaponition,  to  a  liquor  of  1'7  specific  grarity, 
boiling  at  127"^,  and  composed  of  one  molecule  of  iodohydric  acid 
united  with  11  molecules  of  water*  The  aqueous  solution  has 
a  sour,  suffocating  odor,  and  pnngont  acid  taste.  When  con c^en- 
trated  it  fumes  strongly  in  the  air.  It  cannot  be  long  preserved 
wben  exposed  to  contact  with  tho  air,  for  the  oxyijen  of  the  air 
unites  with  its  hydrogen,  and  iodine  is  set  free.  At  first  this  iodine 
dissolyea  in  that  portion  of  the  iodohydric  acid  which  has  not  yet 
boon  decomposed ;  but  after  the  acid  has  become  saturated,  crystals 
of  iodine  jiro  depo'^itcd,  as  has  been  stated  in  §  137.  The  decom- 
position of  iodohydric  arid  is  so  rapid  that  the  pure,  colorless  so- 
lution of  it  becomes  red  from  aepuration  of  iodine  after  a  few 
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honri*  exposure  to  the  air,  no  matter  whether  it  be  minute  or 
concentnited.     Tlie  easy  decompositon  of  tbis  acid  shows  clearly 
ith  how  much  less  force  hydrogen  liolds  iodine  ia  combination 
Ethan  it  holds  either  chlorine  or  bromine. 

142.  The  usual  method  of  preparing  anhydrous  iodohydric 
ild  !a  as  follows  :■ — 

In  the  bottom  ol  a  test-tube  place  a  mixture  of  0  parts  of  iodine  and 
pnrt  of  phosphorus.  Cover  the  mixture  with  coarsely  powdered 
|laMS,  and  bring  about  chemical  union  between  the  iodine  and  tlie 
abosphonifi  by  gently  healing"  them-  Place  now  a  few  drops  of  water 
1  the  tube,  and  connect  with  it  a  gas  deli  very- tube  by  means  of  ft 
caoutchouc  stopper,  Iodohydric  acid  will  be  immediately  given  o^ 
and  may  h^  collected  by  displacement. 

Another  method  is  to  pack  a  test-tube  with  alternate  layern  of  phoa- 
horus,  iodine,  and  mobtened  glass-powdeif  and  then  to  gently  heat 
be  tube.  The  operation  depends  upon  the  formation  of  an  iodide  of 
hoaphoruB  and  the  subsequent  decomposition  of  this  body  by  contact 
^th  water  into  iodohydric  acid  and  a  compound  of  phosphoruSi  oxygen, 
md  water,  called  hydra  ted  phosphorous  acid  i — 

2PI,  4-  6H,0  =  6HI  +  3H,0,P,0,. 
14S.  Iodohydric  acid  is  a  colorless,  acid  gaa,  of  snfl'oeating 
odor  ;  it  fumes  strongly  in  the  air,  and  is  very  soluble  in  water, 
^t  can  he  liquefied  rather  easily  by  pressure,  and  solidified  at  —51** 
colorless  mass  like  ice.  The  gas  is  more  than  four  timea  » 
'heavy  aa  air,  its  specific  gravity  having  been  found  by  observa- 
tion to  be  64*11.  From  this  fact,  taken  in  connexion  with  the 
striking  analogy  which  the  compound  bears  to  bromhydric  and 
chlorhydric  acids,  it  follows  that  the  gaa  is  composed  of  equal 
volumes  of  iodine  vapor  and  hydrogen  united  without  condensa- 
tion ;  for  the  theoretical  density  of  a  gas  thus  composed  would  be 
(1274-l)-T-2=64,  a  number  with  which  the  observed  apecifio 
gravity  eloaely  agrees*  The  chemical  effect  of  the  small  pi^por- 
tion  of  hydrogen  contained  in  iodohydric  acid  ia  most  remark- 
able. Only  Yh^*  °^  ^^^  ^-^^^  ^  P^'"  ^^^^'  ^^  iodohydric  acid  ia 
hydrogen,  yet  this  very  small  proportional  quantity  of  hydrogen 
is  competent  to  impart  an  entirely  new  set  of  properties,  both  to 
the  imline  and  the  hydrogen ;  the  acid  beats  no  resemblance  to 
either  of  its  constituente, 

144.  Iodohydric  acid  ia  a  compound  wliich  decomposes  easilj. 
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IHieii  a  nuxtUTQ  of  the  gas  and  oxygen  is  passed  througli  a  red- 
tot  tube,  water  and  free  iodine  are  tbe  products.  Chlorine  and 
bromine  abstract  hydrogen  from  it,  and  leave  iodine  free ;  and 
the  same  effect  is  produced  by  many  oxygen  compounds  which 
readily  part  with  oxygen.  With  many  of  tht^  roetala  it  forms 
iodides,  while  hydrogen  is  set  free ;  and  it  reacts  upon  most  of  tho 
metallic  oxides,  forming  water  and  a  metallic  iodide. 

Though  the  hydiogen  of  ioduhydrio  acid  is  readily  removed  by 
means  of  oxygen  in  numerous  instances,  it  appears,  upon  tho 
other  hand,  that  iodine  can  abstract  hydrogen  from  most  of  ita 
combinations  with  the  other  elements.  Only  oxygen^  chlorine, 
bromine^  and  an  element  (still  to  be  studied)  called  iluorine,  ex- 
hibit a  stronger  tcndtmcy  than  it  to  unite  with  hydrogen*  Iodine 
separates  bydrogen  from  ibi  com  pounds  with  nitrogen,  sulphur, 
and  pbosphorus,  and  from  many  organic  compounds,  sut^h  as  alco- 
hol and  ether,  iodohydric  add  being  formed  in  each  case, 

145.  Compounds  of  Iodine  and  Oa'ijfjen, — Of  the  compounds  of 
iodine  and  oxygen,  only  two  have  an  yet  been  carefully  studied. 
These  correspond  respectively  to  chlone  and  perchloric  acids. 
Compounds  analogous  to  hypoohlorous  and  bypochloric  acids  ap- 
pear to  exist,  but  bave  not, been  described  with  much  accuracy, 

140,  lodk  acid  (Ifi^)  may  be  obtained  directly  by  oxidizing 
powdered  iodine  with  monohydrated  nitric  acid  at  a  moderate 
heat,  AfU»r  all  the  iodine  baa  disappeared,  and  the  excess  of 
nitric  acid  employed  has  been  evaporated,  iodic  acid  will  be  left 
aea  white  residue. 

Iodic  acid  is  readily  soluble  in  water,  and  crystaUizea  from  an^ 
acidulated  solution  in  colorless,  six-sided  tables,  of  tbe  formula 
HIO,  or  H^O.IjO,.     It  has  a  peculiar  odor,  and  acid,  disugreeable  , 
taste.    At  the  temperature  of  170*,  water  is  given  off  and 
anhydrous  acid  remains.     This  melts  upon  being  heated  moi^ 
strongly,  and  suflTei's  decomposition. 

Iodic  acid  readily  gives  up  oxygen  to  many  other  Ribstances, 
or,  in  other  words,  it  is  easily  decomposed  by  reducing- agents  ; 
for  example,  when  mixed  with  iodohydric  acid  it  reacts  upon  it 
with  formation  of  water  and  deposition  of  iodine : — 

lOIII   +   1,0,   =  511,0  -f   121. 
All  of  the  metals  are  Qxidizcd  hj  it^  excepting  gold  and  platinum* 
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metallic  oxidea  it  fonns  compoands  called  iodates,  which  are 
analogoui!  to  the  correspondiDg  chlorates  and  bromates  in  com- 
position and  properties. 

147.  Periodic  acid  (1,0^)  may  be  prepared  bj  passing  chlorine 
gas  through  a  solution  of  iodate  of  Bodiam  mixed  with  cunatic 
■oda.  Chloride  of  sodium  and  bitsic  periodate  of  sodium  will  be 
forme<l,  and  the  latter,  being  sparingly  soluble  in  water^  will  he 
deposited  in  crystals  : — 

Na,0,l,0,  -f  3(Na,0,H.O)  +  4a=2Nap,I,0,^-4Naa-l-  3H,0. 
If  now  the  sodium  salt  be  collected  and  dissolved  in  water,  and 
tlie  solution  be  mixed  with  nitrate  of  lead,  a  periodate  of  lead 
will  be  obtained ;  this  may  be  decomposed  by  means  of  dilute 
sulphuric  acid  into  periodic  acid  and  in&oluble  sulphate  of  lead^ 
The  latter  may  then  be  separated  by  filtration,  and  the  dear  bo- 
lution  of  the  acid  finnlly  concentrnted  by  evaporation. 

From  the  concentrated  aqueous  solution  periodic  acid  separatea 
in  colorless  hydratcd  crystals,  which,  upon  being  carefully  heated, 
give  off  water  and  yield  as  a  residue  the  anhydrous  agid  1^0^. 
At  a  still  higher  temperature,  the  anhydrous  acid  decomposes 
and  gives  off  oxygen.  It  is  decomposed  also  by  reducing- agents 
in  the  same  way  as  iodic  acid. 

The  other  compounds  of  iodine  and  oxygen  have  but  little  in- 
terest for  us.  except  that  they  serve  to  increase  the  number  of 
analogies  which  subsist  between  iodine,  bromine,  and  chlorine. 

148.  loiUde  of  Ntlroffm  (?y — There  appear  to  be  a  number  of 
compounds  which  have  hitherto  been  nsnally  classed  under  this 
title.  They  are  produced  by  the  action  of  ammonia  upon  iodine, 
and  are  mostly  of  a  highly  explosive  character,  though  their  pro- 
perties and  composition  vary  to  a  certain  extent  according  to  the 
mode  of  their  preparation, 

JSrp,  73.— Place  0*25  gnn.  of  finely  powdered  iodine  in  a  porci^hun 
•ptfiile,  and  pour  upon  it  so  much  concentrated  ammonia- water  that 
I  iodine  »liall  be  aomowhat  more  than  covered;  allow  the  mixture 
stand  duriDg-  15  or  20  minute!^  when  an  insoluble  dai'k-hiuwn 
owder  will  be  found  at  the  bottom  of  the  liquid.  This  powder  is  the 
Qed  iodide  of  nitrog'en.  It  should  be  collected  upon  two  or  three 
tmall  filters  and  well  washed  with  cold  water.  Remove  the 
filt*jf*,  tojitther  with  their  coutents,  from  the  funnels,  pin  them  upan 
bit*  of  board,  and  leave  them  to  drv  spontaneously. 
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As  soon  fts  the  powder  has  become  Ihoroughlj  dry  it  will  explode 
tipon  being  rubbed,  even  with  a  feather,  or  jarred,  as  by  the  shutting  J 
of  ft  donty  or  by  ft  blow  upon  the  wall  or  table.     Though  inromparablyl 
le3s  dang-erous  than  cblonde  of  nitrogen,  and  therefore  better  suit«*d 
titan  the  chloride  to  illustrate  the  explosive  character  of  this  obscure  , 
elass  of  nitrogen  compoundB,  iodide  of  nitrogen  must  nevertbeless  bft| 
handled  with  great  care,  and  should  never  be  prepared  by  the  student 
except  in  very  small  quantities. 

14U.  Chlorides  of  Iodine. — Iodine  combines  directly  with  cblo-i 
line  in  several  proportions,  a  pro  to  chloride*  ICl,  and  a  torchloride, 
TCl^,  being  the  best-known  of  these  compounda. 

The  protochloride  is  obtained  by  passing  dry  chlorine  over  dry 
iodine,  the  cnrrt3nt  of  chlorine  beinpr  cht*elf+^d  at  the  moment  when  all 
the  iodine  has  become  liquid.  Or  it  may  be  made  by  distilling  iodine 
with  chlorate  of  potassium^  and  collecting  the  product  in  a  cooled 
receiver. 

•  3KC10,  +  21  »  KCIO,  +  KIO^  -j-  KCl  +  20  +  ICL 
ProtopMoride  of  iodine  Ib  a  red  dish -brown,  oily  liquid,  volatile,  irntA» 
ting,  and  of  penetniting  odor.  It  decolorizes  litmus  and  indigo,  but 
do**s  not  give  a  blue  color  with  starch. 

The  terchloride  may  be  produced  by  treating  iodine  with  an  exc 
of  chlorine  gas,  or  by  acting  upon  anhydrous  iodic  acid  with  dry 
chlorbydric  acid  gas: — 

1,0,  +  lOHCI  ^  2ICI3  +  BUfi  4-  4CL 
It  is  a  yellow  crystttUine  solid,  melting  at  20^-25°,    It  acts  upon 
»  Other  substances  in  the  same  mauner  as  the  protochloride ;   like  the 
protochloride,  it  decolorizes  indigo  and  does  not  turn  starch  blue, 

150.  A  knowledge  of  the  properties  of  the  chlorides  of  iodine  ifl 
of  some  practical  impi^rtancej  since  they  are  liable  to  be  formed 
inoiden  tally  in  several  chemical  processes,  which  their  presence 
perturbs.  Thus»  in  the  manufacture  of  iodine,  as  dejicribcd  under 
§  135,  the  iodine-lyo  almost  always  contaitis  a  certain  proportion 
of  chloride  of  sodium.  It  is  evident  that  if  the  chlorine  in  this 
compound  were  to  bo  evolved  at  the  same  time  aa  the  iodine  by 
the  action  of  the  black  oxide  of  manganese  and  sulplmric  acid, 
there  would  be  formed  a  quantity  of  the  very  volatile  protochloride 
of  iodine,  which  would  escnpe  condensation.  Whatever  of  iodine 
was  thus  combined  with  chlorine  would  be  lost  to  the  maniifucturer, 
But^  aa  has  be«n  rep&atedly  stated,  iodine  ia  an  element  wbidi 
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can  lie  much  more  readily  expelled  from  its  eombmationa  than 
chlorine ;  und  in  the  case  in  point  it  is  found  that  the  iodine  in 
the  mixture  of  iodide  of  sodium  and  chloride  of  fiodinm,  which 
the  iodinc*lye  contains,  will  aU  come  off  before  the  chlorine,  if 
the  distillation  be  slowly  conducted.  If,  through  irregular  heat* 
insj»  any  portion  of  the  contents  of  the  retort  should  become  hotter 
thati  tht*  rest,  and  so  lose  all  its  ioditie,  chlorine  would  be  disen- 
^gtnl  from  that  portion,  and  would  iiLute  with  the  vaporized 
iodine  which  tills  the  retort.  To  ensure  the  necessary  slow  and 
equable  heat,  the  retort  is  set  upon  a  stove  suitable  for  the 
roaiatenance  of  a  slow  fire,  and  is  prodded  with  an  agitator^  by 
maona  of  which  its  contents  may  be  contiiiU«Uy  stirred* 

Again,  in  testing  for  iodine,  cs  in  Exp,  70,  ehloiine  is  a  far 
leas  convfuieut  a^ent  for  setting  free  the  iodine  from  its  cornbi* 
nations  than  fuming  nitric  acid ;  for  if  the  slightest  excess  of 
rhlorine  be  employed,  the  iodino  will  all  be  converted  into  chlo- 
ride of  iodine,  and  the  starch  will  not  be  colored  blue. 

161,  Bromidts  of  Iodme,^VheTe  ai'e  two  compounds  of  bro- 
mine and  iodine,  and  their  properties  are  analogous  to  those  of 
the  chlorides  of  iodine. 

lo2.  Chlorine,  bromine,  and  iodine  constitute  one  of  the  most 
lemarkuble  and  best^defined  natural  groups  of  elements.  Whether 
we  regard  the  nncombined  elements  or  their  compounds,  it  is  im- 
possible not  to  be  struck  with  the  close  analogies  which  subsist 
hetwe«fn  them.  With  hydrogen,  all  of  these  cdemc!\ts  unite  in  the 
proportion  of  one  volume  to  one  volume,  without  condensation,  to 
form  acid  compounds  extremely  soluble  in  water  and  posseaaing 
throughout  analogous  properties. 


H 

+ 

ri 

= 

HCl 

H 

+      Br      = 

HBr 

E^m  = 


HI 


With  oxygon  eaoh  of  them  forms  a  powerful  add  containing  five 
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atoms  of  oxygen,  besides  divers  otber  compounds  of  obrioos  Kke- 
nesa.  The  compounds  furnished  by  their  union  with  anj^  one 
metal  are  always  i5omorpbous(like-forraed);  the  chloride,  bromide, 
and  iodide  of  potassium,  for  example,  oil  crystallisje  in  cube-s. 
With  nitrogen  they  oil  form  ex]>losive  compounds.  Many  Bimilar 
iDttlogies  will  he  made  manifest  as  we  proceed  to  study  the  other 
elements,  and  their  compounds  with  this  chlorine  group. 

There  is  a  distinct  family  resemblance  hetween  those  three 
elements  as  regards  their  physical  as  well  as  their  chemical  cha- 
racteristics ;  hut,  in  all  their  properties,  a  distinct  progres'^ion 
is  observable  from  chlorine  through  bromine  to  iodine.  At  the 
ordinary  tempcniture  chlorine  is  a  gas,  bromine  a  liquid,  and 
iodine  a  solid,  though  at  temperatures  not  widely  apart  they  are 
all  known  in  the  gaseous  and  liquid  states.  The  specific  gravity 
of  bromine  vapor  is  greater  thun  that  of  chlorine,  and  that  of 
iodine  greater  than  that  of  bromine.  Chlorine  gas  is  yellow,  the 
vapor  of  bromine  is  reddish  brown,  that  of  iodine  violet.  So  with 
all  their  other  proper  tics, — chlorine  wiD  be  at  one  end  of  the 
scale,  iodine  at  the  other,  while  brouaiue  iuvariably  occupies  the 
intermediate  position. 

The  proj>ertie8  of  many  of  the  compounds  of  chlorine,  bromine, 
and  iodine  exhibit  a  similar  progression  as  we  pass  from  the 
chlorine  compounds  to  those  of  iodine.  For  example,  the  specific 
gravity  of 

Chlorbydric  add  gas  is   .    •    •    .    •    «    ld'2 

Bromhydric         „  40  6 

lodohydric  „  ••••«,    640 

Chlorhydric  acid  cnn  be  liqucScd  at  about  —  80°»  and  has  not  yat  ^ 
been  sohdifiod.     Bromhydric  acid  liquefies  at  about  —  6t>°,  and 
ftolidifies  at  about  —92^,     lodoliydric  acid  liquefies  at  about 
-4t>°,  and  solidifies  at  about  —50°. 

Chlorhydric  acid  is  a  more  energetic  acid  than  bromhydric, 
and  bromhydric  acid  is  more  powerful  than  iodohydric.  The 
aqueous  solution  of  chlorhydric  acid  can  be  kept  without  change 
!o  contact  with  air;  that  of  bromhydnc  acid  becomes  otdored 
after  a  while,  from  separation  of  bromine ;  but  the  solution  of 
iodohydric  acid  decomposes  rapidly,  and  much  iodine  is  deposited, 

Aa  regards  the  relative  chemical  power  of  theae  elementa,  it 
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has  alfeadj  been  shown  that  the  iatensitj  of  thm  force  becomea 
l699  ft8  we  descend  from  chlorine  to  iodine.  It  is  easy,  for  ax- 
ample,  to  dkplace  iodine  from  its  compounds  by  means  of  bromine, 

Nal  +   Br  =  Nalir   -h   I, 
and  equally  easy  to  displace  bromine  from  its  combinatioiiB  by 
means  of  chlorine, 

NaBr  -f  Q  =  NaCl  +  Bn 

153.  It  is  an  important  principle,  borne  out  by  most  of  the 
ber  groups  of  elements,  and  emphatically  true  of  the  natutal 

bmily  now  under  consideration,  that,  with  kindred  elemvints,  the 
chemical  power  of  each  is  great,  in  comparison  with  that  of  the 
related  elements,  in  proportion  as  its  otumic  weight  is  low. 

Among  the  members  of  a  natural  chemical  f^roup,  chemical 
energy  seems  to  be  inversely  proportional  to  atomic  weight  Thus 
the  atomic  weight  of  chlorine  is  35*3,  that  of  bromine  80,  and  that 
uf  iodine  127^  whUe  the  chemical  energy  of  these  elements  fol- 
lows the  opposite  order. 

154.  It  is  noteworthy  that  elemejits  of  like  character  almost 
mlwaya  oocur  associated  with  one  another  in  nature.  Bromine 
and  iodine  are  always  found  in  company  with  chlorine.  That 
this  should  be  so  is  in  nowise  surprising.  Those  elements  which 
are  similar  in  character  and  pioperties  most  necessarity  be  simi- 
larly acted  upon  by  the  natural  forces  to  which  they  are  exposed, 
and  must  therefore  inentably  tend  to  be  gathered  or  deposited 
in  like  places  under  like  conditions. 
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155,  There  is  another  substance,  called  fluorine,  which  is  closely 

aalogous  10  chlorine.     This  element  cannot  be  readily  obtained 

In  the  free  state,  and  scarcely  anything  is  known  of  it  in  that 

uundilion.     Special  interest  attaches  to  it  upon  this  ?eiy  account. 
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and  many  fruitlc^ss  efforts  to  isolate  it  have  been  made.  Of  all  the 
elements,  it  Jippcars  to  have  the  strongest  tcnd<?ncy  to  enter  into 
chemical  comLiuation  ;  at  all  eveots  it  is  the  most  difHcult  to  ob- 
tain, and  to  keep,  in  the  free  and  uneombincd  condition. 

It  is  not  only  difficult  to  expel  fliioriue  from  the  minoralfi  in 
which  it  is  found  in  nature,  hut  on  being  set  fiee  from  one  com- 
pound it  immediately  attacks  whatever  .substance  is*  nearest  at 
hand,  and  so  enters  into  a  new  combination.  Hence  it  is  well- 
nigh  impossible  to  collect  it.  It  destroys  at  once  glass,  porcelain* 
and  metal,  the  materials  from  which  chLraical  apparatus  is  usually 
constructed.  YcbscJs  made  of  the  mineral  fluor-spnr  (a  compound 
of  fluorine  and  calcium),  are  the  only  ones  which  have  as  yet 
been  found  capable  of  witli standing  its  action.  Ity  operating  in  , 
such  veBseis,  a  small  quantity  of  impure  lluorine  gas  appears 
have  been  resilly  obtained  ;  but  the  process  is  difficult,  expensive, 
and  not  unifonuly  successful*  Little  or  no  doubt,  however,  is 
entertained  n»  to  the  general  nature  of  fluorine,  sineo  its  com- 
pounds are  closely  analogous  in  many  respects  to  the  correspond- 
ing compounds  of  chlorine^  bromine,  and  iodine. 

The  symbol  of  fluorine  is  Fh  Its  atomic  weight  is  19.  It 
occurs  tolerably  abundantly  in  nature  as  fluoride  of  c^iicium 
(CaFl,),  in  the  mineral  known  as  fluor-spar.  Small  quantities 
of  fluorine  are  found  also  in  several  other  minerals,  in  vegetable 
and  animal  fiub8t4inc**s,  particularly  in  bones;  and  traces  of  it 
occur  in  sea-water,  and  in  various  rocks  and  soils.  It  ajipeare 
to  be  almost  as  widely  disseminated  as  iodine,  though,  from  the 
lack  of  delicate  tests  for  fluorine,  it  is  far  less  readily  detected. 
Of  late  years  a  considerable  mine  of  a  fluorine  mineral  called  cryo- 
lite (fluoride  of  sodium  and  aluminum)  has  been  worked  in  (ireen- 
land. 

166.  Flmrht/dric  Add {HTly.—Vi^ithhjdrogent  fluorine  forms 
a  powerful  acid  corresponding  to  chlorhydric  acii  and  the  other 
hydrides  of  the  chlorine  group.  It  is  a  more  energelic  acid  than 
cither  of  these,  but  is  specially  charnctciized  by  its  corrosive 
aoiion  upon  glass.  It  may  be  readily  prepared  by  distilling 
powdered  fluor-spar  with  strong  sulphuric  acid;  the  raaction 
being  anrUoguus  to  that  which  occurs  whcu  common  salt  is  trefttdd 
with  sulphuric  acid ; — 
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Can,  +  H.SO.  ^CaSO,  +  2HF1. 
fimce  the  acid  rapidly  corrodca  glass,  the  process  must  be  can- 
ducted  ill  metallic  vessels.  Ordinarily,  retorts  of  lead  or  jilutiuum 
arc  employed,  and  the  distilJate  in  collected  in  receivers  made  of 
tho  same  metals,  and  carefully  cooled  by  means  of  ice. 
'  167,  The  product  of  the  distillation  is  a  very  volatile,  colorless 
liquid,  a  little  heavier  than  water.  It  is  strongly  acid,  emits 
copiou^j  whiti?  and  highly  suifocating  fumes  in  tlio  air,  boils  at 
15'^,  and  remains  unfrozen  at  — 20^,  On  account  of  its  corrosive 
power,  this  substance  is  highly  dangerous  ;  if  any  of  it  happens 
to  come  in  contact  with  the  skin,  wounds  are  produced  which  are 
very  difficult  to  heal :  a  single  drop  of  it  is  sufficient  to  occasion 
a  deep  and  painful  sore.  In  prcjitiring  the  acid,  special  provision 
must  be  made  for  carrying  away  from  the  ojierator  any  fumes 
which  may  escape  condensation. 

The  acid  may  be  kept  in  bottles  made  of  lead  or  sU%*er,  or  of 
gulta  percha,  substances  upon  which  it  has  do  action.  It  unites 
with  water  with  great  avidity,  so  much  heat  being  evolved  that 
a  hissing  noise  is  produced,  as  if  a  bar  of  red-hot  iron  had  been 
unmeraed  in  the  water.  In  its  concentrated  form  the  acicl  has  a 
speciBe  gravity  of  I'OGl,  but  on  the  addition  of  a  certuiu  amiunt 
af  water  tho  density  increases  to  1'15,  a  definite  hydrate 
(HFl-h:^H^O)  being  formed,  which  boils  at  120^  and  may  be 
diBltlled  unchanged.  The  further  addition  of  water  to  this  hy- 
drate is  attended  with  a  regular  decrease  in  density. 

Aceoi  ing  to  some  chemists,  the  liquid  acid  obtained  as  above 
defi4!ribed  is  not  anhydrous.  It  is  asserted  that  if  it  be  distilled 
with  an  exoesa  of  anhydrous  phosphoric  acid  (a  substance  which 
baa  a  very  strong  affinity  for  water),  the  anh3'dnde  will  be  set 
fee  in  the  form  of  a  colorless,  extremely  irritating  gas. 

158.  Upon  metnla  and  metallic  oxides,  fluorhydnc  acid  acta 
like  chlorhydrie  acid,  only  more  powerfully ;  but  its  most  striking 
peculiarity  is  its  action  upon  silica  and  the  compounds  of  sUica, 
sncb  as  glass  or  porcelain.  If  a  drop  of  the  concentrated  acid  be 
allovred  to  laU  upon  a  piece  of  glass,  it  becomes  hot,  boOs,  and 
partially  diiitils  oif  as  a  Huoride  of  silicon,  while  the  glass  is  cor* 
rodedand  becomes  covered  with  a  white  powder  consisting  of  com- 
pounds of  duorlue  and  various  consLitaents  of  tho  glass*     If  this 
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powder  be  washed  away  a  deep  impression  will  be  found  upon  the 
glass  at  tho  point  where  the  acid  has  acted* 

This  corrosive  power,  which  is  possessed  by  fluorhydric  acid 
I  gas  as  well  as  its  aqueous  aolution,  is  made  use  of  Jbr  etching 
glass.  The  gradimtious  on  the  glass  stems  of  thermometers  and 
eudiometers  may  thus  be  made  with  great  precision  and  facility ; 
the  acid  is  largely  employed  also  in  ornamenting  glass  with 
etched  patterns. 

Erp,  74. — Warm  a  slip  of  glo^s  and  nab  it  with  beeswax  so  that  it 
shall  be  everywhere  covered  with  a  thiut  imiform  layer  of  the  wax* 
With  a  needle,  or  other  point<*d  instiunient,  write  a  name,  or  trace 
any  otitline  ihroujrh  the  wax,  so  as  to  expose  a  portion  of  the  gla 
Lay  the  etchinrr,  fuce  downward,  upon  a  bowl  or  troiiifh  of  sheet-lead,^ 
in  which  has  been  placed  a  tea^poonfid  of  powdered  fluor-spar  and 
enoofrb  stroni?  sulphuric  acid  to  convert  it  into  a  thin  pfisle ;  if  the 
glaA*i  be  fi mailer  than  the  opening  of  the  dish,  it  may  be  aupporl 
upon  wires  laid  across  ihe  latter. 

Cover  the  glni^n  and  tho  top  of  the  dish  with  a  sheet  of  paper,  and 
then  pently  heat  the  leaden  vessel  for  a  few  momeuts^  taldn^  care  not 
to  melt  the  wax ;  then  set  the  didi  aside  in  a  warm  place  and  leave  it 
st  rest  during  an  hour  or  two.  Finally  melt  the  wa:c  and  wipe  it  off 
the  glass  with  a  towel  or  bit  of  pnperj  the  glass  will  be  found  to  be 
etched  and  eorrodtd  at  the  places  where  it  was  laid  bare  by  the  re- 
moval of  the  wax. 

This  experiment  can  he  performed  more  rapidly  by  covering  tlie 
outside  of  a  watch-glass  with  wax,  tracing  chararters  upon  this  layer, 
and  then  plrit-iug  the  glass  upon  n  small  plalinum  crucible  containing  a 
mixture  of  fluor-spar  and  sulphuric  acid,  which  is  heated  over  the  gas- 
lamp.  The  watch-glass  is  meanwhile  kept  full  of  water,  in  order  to 
prevent  the  wax  irom  melting,  lu  this  way  the  etching'  can  be  effected 
in  the  course  of  a  few  minutes. 

Instead  of  the  p\&t  a  dilute  nqneous  solution  of  the  acid  may  be  em- 
ployed in  this  experiment  The  concentrated  acid  of  §  157,  diluted 
with  ftix  parts  of  water,  answers  a  good  purpose.  In  ihi^  ea^e  the 
etched  surface  will  uppear  smooth  like  the  rest  of  the  glass,  while  in 
cnB<»  the  gas  is  employed  the  etched  portion  of  the  gUss  will  be  duH 
and  rough* 

159,  No  compounds  of  fluorine  with  chlorine,  bromine,  lodinBy 
nitrogen,  or  oxygen  have  yet  been  discovered,  though  u  sulphur 
compound  hos  boon  obtained,  as  a  fuming  liquid,  by  distilling 
Uuoride  of  lead  with  aulpbur.     Fluorine  is  the  only  element  of 
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which  no  oxjgen  oompoond  is  known ;  this  fact,  howerer,  will 
appear  less  remarkable  if  it  be  remembered  that,  in  order  to  ob- 
laiu  oxygen  compounds  of  chlorine,  bromine,  and  iodine,  it  is 
necmnATj  fii-st  to  isolate  these  elements,  and  to  hare  them  in  the 
free  and  uncombined  condition.  Analogy  would  therefore  teach 
that  a  practicable  method  of  preparing  free  fluorine  must  be  dis- 
ooTered  before  we  can  hope  to  prepare  oxides  of  fluorine. 

160,  The  fact  that  fluorine  forms  a  powerful  acid  with  hydro- 
gen, connects  tills  element  with  the  three  elements  (chionne, 
bromine^  aud  iodiDo)  which  have  last  been  studied.  Many  of  its 
oompoundB  with  the  metals  are  analogous  in  composition  to  tho 
oompoundB  of  cldorine,  bromine,  and  iodine,  and  not  a  few  of 
these  compounds  are  isomorphous  with  one  another.  It  is  cus- 
tomary therefore  to  study  fluorine  in  connexion  with  tho  chlorine 
group ;  but  the  student  should  remember  that  in  several  respects 
it  differs  widely  from  chlorine^  and  that  its  connexion  therewith 
is»  in  any  eyent,  less  intimate  than  that  of  either  bromine  or 
iodine* 


CHAPTER    XIL 


OSOKB     AKP     ANTOZONB. 


101.  Besides  ordinary  oxyj2:en,  such  as  is  found  in  the  air  and 
has  been  prepared  in  Expa.  5  and  7,  two  other  kinds  or  forms  of 
this  element  are  known  to  chemists.  These  new  modiflcationa  of 
oxygen  have  received  special  names^  and  are  called  ozone  and 
antozone  respectively* 

162,  Several  other  ehtntnt^,  notably  sulphur,  phosphorus,  and 
rbon,  occur^  as  oxygen  does,  in  very  unHke  states,  or  with  very 
cnmt  attributes,  while  the  fundnraental  chemical  identity  of 
\  sQbstance  is  preserved.  The  word  allotropUm  is  employed  to 
express  this  cnpability  of  some  of  the  elements;  it  is  derived 
from  Greek  words  signifying  of  a  different  hahU^  or  eJiaracUr, 
Tliin  word  senses  merely  to  bring  into  one  category  a  conaiJerable 
noiubcr  of  Gouspicuoiis  factS|  of  whose  esaeutial  nature  we  have 
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no  knowledge ;  there  is^  of  course,  no  virtue  in  the  word  itself  to 
explain  or  account  for  the  phenomena  to  which  it  refers. 

Iti3.  Ozont  is  an  exceedingly  eiiergetie  chemical  agent,  which 
tesemhles  chlorine  in  some  respects ;  it  can  therefore  be  ad  van - 
tngeouBly  studied  in  connexion  with  the  chlonne  group.  More- 
over, since  ozone  and  antoxone  were  for  a  long  tinie  confounded 
with  one  another,  and  since  they  are  really  intimately  related, 
they  should,  of  course,  he  studied  together.  The  most  natural 
connexion  of  these  somewhat  obscure  bodies  is  with  oxygen ;  but 
we  are  better  able  to  appreciate  what  is  known  of  the  properties 
of  ozone  and  antozone  now  that  we  have  become  acquainted  with 
a  nnmbor  of  the  elements,  and  have  made  ourselves  familiar  with 
a  considerable  vari»Uy  of  chemicfil  processes  and  reactions,  than 
we  were  at  the  very  outset,  when  common  oxygen  was  neces- 
sarily studied. 

164.  It  had  long  been  noticed  that  when  an  electrical  macbine 
was  put  in  operation  a  peculiar,  pungent  odor  wfis  developed ; 
but  it  is  only  at  a  comparatively  recent  period  that  it  has  been 
observed  that  the  same  odor  is  monifested  during  the  electrulysia 
of  water  (§  35),  and  that  this  odor  resembles  that  evolved  by 
moistened  phosphoinis  when  exposed  to  the  air.  It  has  graduidly 
been  made  out  that  the  odor  in  each  of  those  cases  is  due  to  the 
presence  of  a  peculiar  modification  of  oxygen,  called  ozone  from  a 
Greek  word  signifying  to  smell.  This  moditication  of  oxj  gen  was 
at  one  time  erroneously  supposed  by  tjom©  to  be  a  high  oxide  of 
hydrogen,  of  composition  H^O,,  or  H^O,;  but  this  view  has  lately 
been  completely  disproved. 

Of  the  methods  of  obtaining  ojtone  above  suggested,  that  by 
phosphorus  wHi  usually  be  found  most  convenient. 
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Rrp,  76, — In  a  clean  bottle,  of  1  or  2  litres  capacity,  place  a  piece 
of  phosphonis  2  or  3  p.m.  loQfr,  tbe  surface  of  whit^h  has  been  scraped 
cleim  (under  water)  with  a  koife ;  pour  water  into  the  bottle  until  the 
phosphorus  is  half  covered ;  close  the  bottle  with  a  loose  stopj>er,  and 
set  it  aside  in  a  place  where  the  temperaturts  is  20°  or  3CP. 

In  the  course  of  ten  or  fifteen  minutes  iv  column  of  to^  will  be  Been 
to  rise  frcim  Ihiit  poj^tion  of  the  phospliorud  which  projects  above  the 
water,  the  orig-iruil  g»u*lic  odor  of  the  phosphorus  will  aoou  be  lost,  and 
the  peculiar  odor  of  ozone  will  gradually  penade  the  bottle*    After 
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6  ire  or  SIX  hottri,  tbe  lioitle  will  he  found  to  contain  on  ftbun  dance  of 
ozone  for  use  in  tb©  eubaequent  experiments. 

The  chemical  changres  which  oc^ur  during  this  experiment  are 
complicated ;  it.  will  be  enough  to  say  of  them  tliJit  the  phos- 
phorus unites  with  oxygen  from  the  air  in  the  bottle  to  forni  an 
oxide  of  phoaphoms,  which  will  be  studied  hereal*tcr  under  the 
name  of  phosphorons  acid ;  that  during  this  process  of  oxidation 
a  portion  of  the  oxygen  in  the  bottle  is  changed  into  oxono  and 
Bntozone,  and  that  some  of  the  ozone  remains,  even  after  many 
bour8|  diffused  in  the  air  of  the  bottle. 

165.  It  must  be  distinctly  understood  that  no  very  large  quan- 
tity of  ozone  is  obtained  in  the  foregoing  experiment  At  the 
best,  only  a  very  minute  proportion  of  it  will  be  found  in  the  air 
of  the  bottle.  But  ozone  is  a  substance  possessing  great  chemical 
power,  and  but  tittle  of  it  is  needed  in  order  to  exhibit  its  cha- 
racteristic properties. 

If  it  be  desired  to  prepare  oxone  by  passing  electric  dischorgea 
through  air  or  oxygen,  either  of  these  gases  may  be  sealed  up  in  nar- 
row glaan  tubes,  through  the  centres  of  which  are  passed  platinum 
wires,  welded  tightly  into  the  glass,  as  shown  in  Fig,  37,  and  a  aeries 
of  sparks  from  an  electrical  machine  is  thrown  through  the  gas  in  the 
tub<?i  during  ten  or  twelve  hours.  If  tbe  experiment  be  continued 
longer  than  this,  nothing  is  gained ;  for  the  sparks  aftej  this  time  appear 
to  destroy  the  o*one  prenously  produced. 

To  avoid  the  ditlieulty  last  namedj  a  slow  current  of  oxygen  may  be 
forced  throu>rh  a  tube  open  at  both  ends^  and  electrical  diachargee  may 
be  passed  thraiigh  the  gas  in  its  transit;  a  constant  stream  of  ozonised 
air  will  be  thus  obtnined. 

Instead  of  the  sparks^  the  gas  within  the  tube  may  be  sub- 
jected  to  eileut  discharges  of  electricity  obtained  by  con-   ^^^'  **'• 


oecting  one  of  the  platinum  wires  with  the  ground,  tbe 
other  with  the  prime  conductor  of  an  electrical  macliine, 
and  slowly  turning  the  crank  of  the  latter.  By  usiog  a  tube 
having  wires  near  the  top,  as  in  Fig.  37,  and  closing  the 
lower  cud  of  the  tube  by  immersing  it  in  a  bath  tilled  with 
an  aqueous  solution  of  iodide  of  potassium,  so  that  the  ostone 
mar  be  absorbed  as  fast  as  it  is  formc'd,  it  has  been  found 
pOBsible,  by  some  experimenter?,  to  transform  and  remove 
an  the  original  oxygen  contained  in  the  tube. 


-r^ 
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166.  Ozone  is  produced  not  only  during  the  slow  oxidation  of 
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phosphorue,  and  by  the  action  of  electricity  upon  air  or  oxygen ; 
a  certain  quantity  of  it  appears  to  be  produced  also  during  other 
processes  of  oxidation.  It  is  readily  formed,  for  example,  during 
the  slow  combustion  of  ether  and  of  various  other  volatile  liquids ; 
it  can  be  at  once  produced  by  plung^ing  a  heated  glass  rod  or  iron 
wire  into  a  mixture  of  air  and  ether  vapor. 

Into  a  wide-mouthed  bottle,  a  small  quantity  of  ether  is  poured ;  Uia 
bottle  is  shaken  for  a  moment,  that  the  air  within  it  may  become 
charged  with  the  vapor  of  ether;  the  liquid  ether,  if  any  remaint  is 
then  piured  away,  and  a  large  glasa  rod^  or  tliiek  iron  wire,  heated  to 
about  St^O'^^ls  thrust  into  the  bottle.  The  rod  must  not  be  too  hot,  lest 
the  ozone  formed  be  reconverted  into  ordinary  oxygen ;  if  it  be  insuf* 
fidently  heated  no  ozone  is  produced. 

During  the  slow  oxidation  of  oil  of  turpentine*  oil  of  cinnamon,  oil 
of  lemons,  and  others  of  the  so-called  essential  oils,  at  the  ordinarv 
temperature  of  the  air  a  consiidenible  quantity  of  ozone  is  produced* 
This  may  bo  seen  in  oil  of  turpentine  which  has  been  kept  for  a  lonjr 
time  in  half-tilled  hottles,  exposed  to  aunlii^ht,  and  fn^qnently  opened 
and  shaken.  The  formation  of  ozone  under  the»e  circumstances  ex- 
plains the  fftiniliar  fact  that  the  corka  employed  to  dose  bottles  con- 
taining oil  of  turpentine  and  the  analogous  oils  are  eoon  bleached  and 
corroded.  At  the  mnw  time,  antozone  is  also  produced  in  large  quan- 
tity, as  will  be  explained  hereafter. 

If  quicksilver,  to  which  a  little  water  and  a  few  drops  of  a  solution 
of  indigo  have  been  added,,  be  shaken  up  violently  in  a  lar;:^©  bottle  full 
of  air,  the  indigo  will  soon  be  bleached  as  if  by  the  action  of  ozone, 

167.  One  of  the  beat  methods  of  prt*paring  ozone  is  bj^  treating 
B,  compound  known  as  permanganate  of  potosKium  with  sulphuric 
acid.  It  should  be  observed,  however,  that  in  this  process,  as  in 
all  the  others,  the  ozone  obtained  is  mixed  with  common  oxygen  : 
no  available  method  of  isolating  ozone  in  a  condition  of  purity 
has  yet  been  made  known, 

A  small  quanti^  of  concentrated  sulphuric  acid  is  placed  in  the 
bottom  of  a  bottle,  and  a  quantity  of  pure,  dry  permanganate  of  pota^* 
sium,  in  fine  powder,  is  added :  the  proportion  of  acid  to  pernianjranatc 
should  be  three  parts  to  two,  by  wei^^ht,  A  strong  smelt  of  ozone  will 
be  at  once  perceived,  and  the  pasty  mass  wiQ  continue  to  give  off 
ozone  for  a  lonpr  time. 

In  tills  case  it  ia  conjectured  that  a  portion  of  the  oxygen  of  the  per- 
lOUDgaQate  of  potassium,  the  empirical  formula  of  which  ia  K^Mn^O^ 
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letuftllj  exists  in  the  compound  as  ozone,  and  is  given  ofF  ns  »ucb  when 
the  compound  is  decomposed* 

168.  As  has  been  already  mentioned,  the  chemical  beharior  of 
osone  is  analogous  to  that  of  chlorine ;  it  bleaches  and  destroys 
▼legetable  colon ng^ni alters,  and  is  a  powerful  disinfectant.  Like 
chlorine  it  instantly  decomposes  the  iodides  of  the  metals ;  upDo 
this  property  is  based  a  ready  method  of  testing  for  its  presence, 

Ejp.  76w — Into  the  bottle  of  oasonijied  air  (Exp.  75),  thrust  a  moia- 
tenni  elip  of  the  U'st-pfiper,  saturated  with  starch  and  iodido  of  potas- 
iittiii»  irhich  was  prepared  in  Exp,  71 ;  the  paper  will  instantly  acquire 
a  deep  blue  tint*  As  in  the  case  where  the  test-paper  was  empKn td 
for  detecting  chlorine  (Exp.  72 1^  so  here,  the  reaction  depends  upon 
the  displscemert  of  the  chemically  feeble  iodine  by  the  more  powerful 
oxone: — 

2KI  +  O  «  K,0  +  2L 

The  ozone  here  acts  as  orygen,  in  one  sense ;  at  all  events  the  oxide 
of  potassium  formed  is  not  to  be  distinguished  from  oxide  of  potassium 
prepared  with  common  oxygen ;  but  this  in  nowise  contradicts  the  fact 
that  osone  is  an  extraordinarily  active  and  energetic  variety  of  oxygen^ 
inaannch  as  common  oxygen  will  not  eflect  this  decomposition. 

U9,  Ozone  is  an  irrigating,  poisonous  gas ;  air  which  is  highly 
charged  with  it  is  irrespirable,  and  produces  effects  on  the  human 
sabject  similar  to  those  produced  by  chlorine.  Its  odor,  which 
iiaa  been  compared  to  that  of  weak  clilorine,  is  so  powerful  that 
it  can  be  rc^cognized  in  air  containing  only  one  millionth  part  of 
the  gas.  Its  oxidizing  power  is  intensti.  When  moisture  is  pre- 
sent it  oxidizes  all  the  metals  excepting  gold,  platinum,  and  the 
platinum  metals;  even  silver  is  oxidized  by  it  at  the  ordinary 
temperature,  and  becomes  covered  with  a  brown  coating  of  per- 
oxide of  silver.  It  destroys  many  hydrogen  compounds,  such  as 
those  of  sulphur,  phosphorus,  and  iodine*  the  hydrogen  being 
ozidited  as  well  as  the  element  with  %vhich  the  hydrogen  is 
n.*ssoc!iated ;  iodohydric  acid,  for  instance^  is  converted  into  water 
ftnd  iodic  acia.  In  the  same  way,  ft-ee  iodine  is  oxidized  by 
iiD<nc,  and  if  test-paper  which  has  become  blue  by  exposure  to 
OoEOnc.  as  in  Exp.  76,  be  left  long  in  ozonized  air,  it  will  become 
whito  from  oxidation  of  the  iodine.  Ozone  will  even  oxidize 
futfogen,  at  the  ordinary  temperature,  when  in  contact  with 
water  and  such  alkaline  oxides  as  caustic  soda,  caustic  potash. 
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or  caustic  lime ;  thus,  if  lime-water  (a  solutioii  of  caustic  lime  in 
water)  be  left  exposed  to  ozonized  idr,  a  certain  quantity  of 
nitrate  of  lime  will  bo  formed.  Ammonia  is  oxidized  by  it  also, 
and  it  converts  nitrous  and  eulphurous  into  nitric  and  sulphuric 
acids. 

Many  salts  of  the  metals  are  oxidized  by  it — for  example,  the 
sulphates  of  iron  and  of  manganese,  A  valaable  test  for  the 
presence  of  ozone  is  famished  by  its  behavior  towards  sulphate 
of  manganese, 

-Erji*  77,^rK8solve  a  gramme  or  two  of  sulphate  of  manganese  in 
water ;  aoak  in  this  solution  stiips  of  thin  white  blotting-paper ;  dry 
the  paper,  and  preserve  it  in  a  bottle.  If  a  filip  of  this  paper  be  mois- 
tened, and  then  huug  in  ozonized  air  (Exp*  76),  it  will  quickly  become 
birown  fi  om  the  formation  upon  it  of  black  oxide  of  manganese. 

In  like  manner,  most  organic  substances  are  quickly  oxidised 
by  ozone ;  when  substEmcea  ench  as  sawdust,  garden-mould, 
powdered  charcoal,  milk,  or  flesh  arc  thrown  into  a  bottle  of 
ozonized  air,  the  odor  of  ozone  instantly  disappears ;  corks  and 
caoutchouc  tubes  are  attacked  by  it,  and  must  not  be  used  in 
experimenting  with  the  gas.  It  destroys  the  color  of  indigo,  and 
bleucbes  litmus  without  first  reddening  it.  Some  organic  bodies, 
on  the  other  hand,  become  colored  when  exposed  to  its  action ; 
thuSi  the  cut  surface  of  an  apple  becomes  brown,  and  fresh  sur- 
faces of  certain  mushrooms  become  blue.  Gum  guaiacum  also 
becomes  blue.  Papers  soaked  in  a  dilute  alcoholic  solution  of 
gum  guaiacum,  indeed,  are  often  employed  as  a  tc.st  for  ozone, 

Exp.  IS, — Dissoivo  one  port  of  gum  guaiacum  in  thirty  parts  of 
ninety  per  cent,  alcohol  j  add  a  few  drops  of  this  solution  to  2  c,  c  of 
ordinary  eighty  per  cent,  alcohol;  dip  in  this  dilute  fiolution  strips  of 
thin  white  blotting-paper,  and  dry  them  in  the  dark.  By  exposure 
to  ozonized  air  this  test-paper  acquires  a  bright  blue  color. 

170.  By  Tirtue  of  its  strong  oxidizing- power,  ozone  is  of  great 
importance  as  a  disinfecting  agent.  It  destroys  instantly  a  mul- 
titude of  offensive  gases,  such  as  arise  from  decaying  animal  and 
vegetable  matter,  and  has  been  frequently  recommended  of  late 
OS  a  substance  well  fitted  for  the  purification  of  sick-rooms  and 
hospital-wards.  Where  ozone  is  employed  for  purposes  of  disin- 
fectioUi  it  must  be  borne  in  mind  that  the  action  of  the  gtti 


I 

I 

I 


I 


depends  solely  upcm  oxidaticm.  A  giyen  quantity  of  ozone  can 
dosiro)^  only  a  certain  definite  amoimt  of  the  offensive  organic 
matk-r;  wlierever  the^e  c*manatioD9  are  incessantly  generated, 
ozone  must  be  as  constantly  produced  in  order  to  destroy  tbem. 
This  disin  fee  ting-power  of  o2one  is  interesting  in  connexion  with 
the  observed  facts »  that  ozone  is  abundant  in  the  air  of  pino 
forests,  where  turpentine  abounds,  and  that  pine  forests  are,  as  a 
iCTttl  rule,  remurkablj*  free  from  malaria.  The  well-known 
fecting* power  of  tar  is  supposed  in  like  manner  to  be  partly 
due  to  the  formation  of  ozone  during  the  oxidation  of  some  of  its 
ingredients. 

Coal-tor.  mixed  with  pluster-of-Paris,  coal-aslies,  or  dry  earth,  in 
quantity  nuffident  to  destroy  its  atickinesa,  has  leeu  found  to  be  a  very 
efficient  diainfectant.  The  dry  powder  obtained  as  above,  is  simply 
•caltered  fiT?<?ly  nbout  the  olfeasive  localit}'.  The  coal-tar,  of  course^ 
erotves  a  slight  odor,  peculiar  to  itself^  which  teocU  to  mask  or  conceal 
Other  odors,  and  also  ai^ta  as  hh  hutiM-ftic,  or  arrester  of  putri?fA<.*tion ; 
hut  its  chief  merit  does  nut  appear  to  depend  upou  either  of  these  pro- 
pertiei ;  it  seems  really  to  destroy  the  giise^  which  are  evolved  from 
potreseent  mAtter,  and  probably  does  so  by  generating  ozone. 

171.  It  is  supposed  that  a  minute  proportion  of  ozone  exists 
in  normal  atmospheric  air :  at  all  events,  there  is  usually  present 
in  air  a  substance  which  exhibits  the  various  reactions  of  ozone, 
and  behaves  as  ozone  would  if  it  were  there.  This  atmospheric 
ozone,  which  is  supposed  to  bo  formed  in  the  processes  of  oxida- 
tion which  arc  always  going  on  in  natuie,  varies  in  quantity  with 
the  locality,  the  season  of  the  year,  the  hour  of  the  day^  and  many 
other  Gireumstanoes. 

172.  Ozone  is  seldom  found  in  the  air  of  thickly  inhabited  loca- 
Btiei ;  it  often  happens  that  it  cannot  be  detected  in  the  air  of  titica 
at  the  very  time  when  it  is  abundant  in  the  nei^^hboring  country. 
It  18  often  found  to  be  abundant  on  the  windward  ride  of  a  city, 
and  altogether  absent  from  the  air  upon  the  leeward  jide,  the  in- 
toe&ce  being  that  it  is  destroyed  by  the  exhalations  which  an  so 
frmn  a  dense  population.  Chone  appeivra  to  be  more  abundant 
m  fhc  air  in  winter  than  in  summer,  in  cloudy  than  in  clear 
vmlher,  and  by  night  than  by  day ;  it  has  been  observed  to  be 
ipoeioUy  abundant  at  times  when  dew  was  falling  heavily.  As 
Waifjtkt  be  expected,  comparatively  large  quantities  of  it  aro  found 
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during  thunder-storms,  and  its  odor  has  bc^en  recngrnized  in  the 
neighborhood  of  objects  slnick  by  lightning.  Ozone  is  abundant 
during  snow-storms ;  and  it  is  probable  that  upon  it^  presence  de- 
pends the  well-known  bleaching-power  of  newly  fallen  snow. 

In  sean-bing  for  ozone  in  the  air,  te^t-paper  crtntaining  iodide  of  po- 
tastpiuiti  iind  starrh,  such  as  ivaa  prepartjd  in  Exp.  71,  h  usually  em- 
ployed. Dry  slips  of  the  prepared  pap«r  are  exposed,  during  from  Rtx 
to  twentT-l<iur  hour*,  to  a  free  current  of  idr,  in  a  place  well  sheltered 
from  light  fuid  rain*  By  exposure  the  dry  paper  becomes  brown,  and 
when  wetted  iicquires  sbftdea  of  color  vnryiiig  from  pinkish-white  and 
iron-gray  to  likie.  The  shade  of  color  obtained  in  this  way  is  then 
compared  with  a  etimdard  chromatic  st^alu,  which  inchide^  all  the 
shades  possible  imdei*  the  circumBtances ;  and  the  proportion  of  ozone 
present  in  the  air  Is  thus  x-oitghly  enti mated. 

Although  observations  of  this  kind  are  far  from  posseasing  that 
degree  of  accuracy  and  certainty  which  is  dej^iriible,  they  haie  never- 
theless been  coaeidered  trustworthy  by  numerous  observers,  and  hare 
given  rise  to  much  Hpeculation  concerning  the  functions  of  atmospheric 
oeone,  more  particularly  with  regard  to  ita  probable  intluence  upoa 
health  and  disease.  If  there  be  ozone  in  the  atmosphere,  it  will,  on  the 
one  hand,  oxidize  and  de.stroy  many  volatile  organic  suh^tances  which 
Bie  f^uppoFed  to  he  prejudicial  to  health.  Hence  many  phyj^icians  are 
of  opinion  that  the  atmospheric  ozone  plays  an  important  part  in  con- 
trolling or  preventing  epidemic  diseases  through  its  power  of  remo- 
ving infectious  matter  from  the  air;  and  it  has  been  noticr-d  that  wnth 
the  advent  of  an  ozone-bearingwind  such  diseases  hov*?  ubaited  oreeased. 
But,  on  the  other  hand,  ozone  is  a  highly  irntating  gas,  and  in  the 
opinion  of  some  physicians  occa.^ions  many  diseases  of  the  rbspiratonr 
organs.  Nunit^rous  slatt^mcnts  me  tipon  ivcord  to  the  effect  that  epi- 
demics of  catarrh,  colds,  sore  tliroat,  and  influenza  have  been  coinci- 
dent with  the  beginning  of  a  spell  of  ozoniferous  wind, 

173.  Ozone  is  usually  considered  to  be  completely  insoluble  in 
water  ;  but  it  has  been  recently  af^cortnined  that  water  cfm  take 
up  a  smali  tjuantity  of  it,  and  bo  acquire  some  of  the  properties  of 
ossone.  When  oEonizcd  air  is  passed  through  a  solution  of  caustic 
aoda  or  caustic  potash,  a  certain  amount  of  oxone  is  absorbed  at 
first,  perhaps  by  combination  with  some  oxidizabki  impurity  of 
the  solution,  but  after  a  little  time  the  ozone  will  pass  through 
witliont  apparent  alteration.  Acids  do  not  tjb«orb  ozone.  It  i;i 
!ieadlly  absorbed,  however,  by  aqueous  «K)lutions  of  iodide  of  potas- 
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mum  and  of  pyrogallic  acid,  with  the  constituents  of  which  it  enter** 
into  cumbiuiitionB  not  to  he  distinguished  fi^m  those  made  M-ith 
oxygen. 

174.  At  moderately  high  tempera turea  osone  loses  ifa  pecnlia- 
liHcf  and  changes  into  ordinary  oxygen ;  if  otonijsed  air,  such  as 
wms  obtained  in  Exp.  7o,  is  made  to  pass  through  a  narrow  gla^s 
tube  heated  to  25(y*,  its  peculiar  odor,  and  its  power  oi  ducam- 
poMng  iodide  of  potassium  will  entirely  disapj>ettr.  The  ^ame 
change  occuns  gradually  if  the  tube  is  heated  only  to  1 00**, — or 
instantly  if  &team  be  thrown  into  the  osoniztd  air,  so  that  the 
whole  of  it  can  be  heated  at  once  to  100° ;  hence  it  may  be  fitated, 
in  general  texms,  that  ozone  is  converted  bito  ordinary  oxygen  at 
temperatures  greater  than  100°, 

175.  Ozone  is  suppo^d  to  exist  as  such  in  several  of  the  oxides. 
BUek  oxide  of  manganese,  for  example,  is  thought  to  contain  it 

a  constituent ;  and  a  method  of  obtaining  it  from  perman- 
lic  acid  haa  been  already  given,  §  167«  The  oxygen  com- 
pounrli  which  are  supposed  to  contain  ozone  are  called  ozonides. 
The  fonnulse  of  the  following  compounds,  recognixed  as  osonides, 
ATd  here  given  for  the  sake  of  inference ; — 
~  PbO,    CVO^     MnO^    Co^O,     N,0, 

Ag,0,   MnO^  MnA   Ni^O,     Bip, 

176.  AniozfiW!  (the  opponent  or  opposite  of  ozone)  appears 
I  be  produced  simultaneously  with  ozone  whenerer  the  latter  is 

brmcd,  whether  by  electricij  action  or  during  processes  of  oxida- 
tion. It  may  even  be  that,  as  some  chemists  believe,  ordinary 
oxygen  is  in  a  certain  sense  a  compound  substance,  und  that 
when  in  contact  with  phosphorus,  and  in  the  other  vircuuistances 
ader  "which  ozone  is  produced*  the  neutral  oxygen  is  sjilit  or  de- 
ilompcMed  into  two  opposite  and  dissimilar  modifications — we  had 
almost  said  elements — one  of  which  is  ozone,  the  other  ontozone* 
It  i^  thought  that  while  the  greater  part  of  the  ozone  thus  engen- 
'i  '4  enters  into  combination  with  the  phosplionis,  or  other 
sulwtance,  undergoing  oxidation,  a  certain  portion  of  it,  together 
with  «orae  of  the  imt ozone,  becomes  mixed  v\ith  the  surrounding 
air.  and  so  escapes  combining  with  the  body  which  is  l>eing  oxi- 


Only  m  comparatively  thort  time  has  elapsed  since  oniosone 
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has  been  recognized  as  a  distinct  substance ;  honoe  its  properties 
hftve  b«eu  le^s  thoraugbly  studied  than  those  of  ozone.  Many  of 
ita  characteristics  and  propertiei!  are  still  involved  in  great  ob- 
acurity,  very  various  and  even  conflicting  statcmenta  having  been 
published  concerning  them* 

1 77.  or  the  methods  devised  for  preparing  antozone,  the  fol- 
lowing deserve  notice  t — 

By  pjisfliDg  dry  eloctrized  air  (§  165)  throii|rh  a  roncentrated  aque* 
ous  solution  of  iodide  of  potassium,  or  of  pyrogallic  acid,  all  the  ozone 
contnltir^d  In  the  air  will  be  nt  onee  absorbed,  and  the  antozone  left 
behind,  free  fmm  nny  admixture  of  ozone. 

Diirinp^  the  hIow  oxidation  nf  oil  of  turpentine  and  other  volatile  or 
essential  oils  (§  106),  a  considerable  quaBtity  of  antozone  is  produced, 
as  well  aa  of  opsone.  While  mov^t  of  the  ozone  at  once  combines  with 
the  conPtituenta  of  the  oil,  to  form  resina  and  other  products  of  oxida* 
tion,  the  antozone,  which  does  not  oxidize  the  oil,  is  dissolved  by  it* 
In  what  fltnte  the  antozone  exists  within  the  oil  h  still  uncertain ;  but 
it  is,  in  any  event^  very  loosely  held,  and  is  readily  given  up  to  other 
sub^taneca, 

la  the  same  way  that  ORone  maybe  prepared,  by  cheniiral  de<  ^.mpo* 
ftitioa,  &ora  p<^:jr:anp:anatt*of  potaf^ium,  a  compound  supposed  to  con- 
tain/>z(>ne  (§  1(57),  antozone  niay  be  obtained  by  decomposing  certain 
compounds  which  are  beHeved  to  contain  thia  variety  of  oxygen — aiich, 
for  rxH itiph\  MS  peroxide  of  barium,  BaOj.  A  little  concentratt'd  sul* 
phurie  acid  \a  poured  into  a  .small  bottle,  and  into  this  acid  are  thrown 
A  number  of  small  fragnienta  of  peroxide  of  bannm  (free  from  any  ad- 
mixture of  nitrate  of  barium)  ;  eo  soon  as  an  evolution  of  gas  cnsuea, 
the  air  of  the  bottle  will  be  found  charged  with  antozone.  This  re- 
action }B  eometimea  cnpHeious.  Usually  it  occurs  at  the  ordinary 
temperature  of  the  air ;  but  it  is  often  neceapary  to  place  the  bottle  in 
A  water-bath  heated  to  5(.f  or  »iO*^,  in  order  to  start  the  evolution  of 
gaa;  and,  on  the  other  band^  the  violence  of  the  reaction  must  soine- 
tinies  be  allayed  by  iunnerging  the  bottle  in  cold  water. 

In  the  preparation  of  ozone  by  m**ans  of  phosphorus  in  moist  air 
(Exp-  76),  or  by  the  electrolysis  of  water  (J  35),  the  antozone  which 
is  formed  at  the  ^ame  time  wnth  thf^  ozone,  unites  with  the  watui 
present^  nnd  must  there  be  f*ought  (See  §  18L) 

Antozone  has  been  found  in  nature  in  a  dark-blue  Tariety  of  floor- 
;jpar  from  Wolsendorf,  in  Ikivaria.  Upon  being  niliWd,  this  miuera) 
eiuita  a  peeulitu*  odor,  which  wna  formerly  thought  to  be  that  of  chlo- 
rine or  of  hypochlorooB  acid.    More  recent  investigations  have  showB 
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tbat  tbo  odor  id  that  of  aDtozone^  and  that  by  gnuding  the  mincinl 
with  water  the  antoxone  can  be  transferred  to  the  water. 

178.  Antozone  is  a  gas»  the  odor  of  which  somewhat  resembles 
that  of  oxone  ;  there  is,  however,  a  decided  diflerence  between 
the  two  odors,  that  of  antozone  being  diftgiisting,  while  that  of 
ozone  is  merely  pungent  and  irritating.  Antozone  changes  at 
onct*  to  ordinary  oxygen  on  being  heated.  Even  at  the  ordinary 
temperature  it  rorerts  to  common  oxygen  very  readily — ^much 
more  na/llly  than  ozone.  Most  of  the  antozone  usually  disap- 
p€*irs  from  dry  electrized  air  in  the  course  of  an  hour,  or  an  hour 
and  a  half ;  and  if  the  air  be  moists  the  change  is  still  more  rapid, 
OiEone,  on  the  contrary,  is  comparatively  permanent,  under  the 
same  conditions;  and  although  when  a  mixture  of  ozone  and  anto- 
xone  is  left  in  contact  with  water  in  a  glass-stoppered  bottle,  some 
ojcone  i*  destroyed  during  the  reversion  of  the  antoisone,  the 
larger  portion  of  it  will  remain  almost,  if  not  quite,  unaltered 
for  months.  Antozone,  whether  moist  or  dry,  ako  reverts  to  the 
condition  of  ordinaiy  oxygen  on  being  brought  in  contact  with 
Vhck  oxide  of  manganese,  peroxide  of  lead,  or  finely  divided 
platinum*  ^ 

179.  A  very  remnrltable  characteristic  of  antozone  is  its  power 
j£  formliig  fogs  and  clouds  with  water.     It  may  even  be  found, 

or  the  matter  has  been  mora  thoroughly  studied,  that  all  the 
fogs  and  clouds  which  occur  in  nature  are  dependent  for  their 
existence  upon  the  presence  of  antozone. 

If  UTr.  rbsTged  with  antozone,  be  made  to  bubble  through  water,  it 
wii  from  the  water  in  the  form  of  a  thick  white  mist,  similar 

t»  •  •  d  by  the  cooling  of  sitpnni.     The  same  thing  occurs  when 

eltfCiriifMl  aur^  or  electrized  oxygen,  ii^ksues  into  a  moi^t  atmosphere, 
thcittgh  the  effect  is  les*!  marked  when  ozone  is  present  than  when  it 
has  been  removed  by  means  of  iodide  of  potassium.  The  mist  pro- 
dnci'd  by  slowly  passing  ontoaEonijted  air  through  water  is  heavy ;  it 
temaiuM  hanging  over  the  siuface  of  the  liquid » and  may  be  readily 
pottrt^d  from  one  vessel  to  another.  By  conducting  it  th^♦lIgh  a  tube 
to  thtt  bottom  of  a  dry,  tall  bottlo,  it  displaces  the  air,  all  the  while 
pi-  t  sharply  d»."tined  boundary  j  by  gentle  agitation  it  is  e&aily 

hi  iJo  cluud'like  maj«..'?. 

W  hen  a  large,  dry  bottle  is  nearly  filled  with  this  antoznne  mist, 
flien  elaseJ  and  left  to  itself^  the  mist  gradually  becomes  thinner  and 
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less  opuque,  and  in  the  course  of  hiilf  or  three*quiirteri  of  en  hour 
TaDisbes  aliog-etber.  As  the  cloud  thus  di^uppears,  water  is  deposited 
upoti  the  sides  of  \h&  bottle,  ftt  first  as  a  merfi  dew,  but  aft-erwaTda 
ftccuniulfjtiug  in  droplets,  which  finalh"  flow  tog-ether  lo  the  bottom  of 
the  vessel.  When  the  dr  in  tbe  bottle  has  become  clear,  no  antoione 
C4m  be  detect^^d  in  it. 

It  thus  appear?  that  ant02one  has  the  property  of  taking  up  water 
in  such  a  inimuer  that  tbe  water  assumes  the  peeidiar  phyjical  condi- 
tions oi'a  cloud  or  mist.  While  the  ajitozone  laats  tbe  cloud  is  per- 
manent :  but  tbe  antoxone  is  soon  transformed  into  ordinary  oxygen, 
and  Dn  foict  as  thia  change  occurs  the  wat^r  of  the  cloud  ia  depodtod 
ID  droplets* 

By  passing  the  antoxone  mist  through  tubes  filled  with  desiccating 
substances,  such  ad  chloride  of  calcium  (Appendix,  §  15),  the  water 
may  be  removed,  and  transparent  antozonized  air  obtained^  capable  of 
again  producing  a  mist  on  being  brought  in  contact  with  water.  Manj 
atrong  saline  solutions  likewi^y  deprive  antozone  of  water ;  h*nce  the 
non-appearance  of  the  cloud  when  electrized  air  is  passed  thrtiugb  a 
strong  solution  of  iodide  of  potassium;  the  cloud  does  appear,  how- 
ever, when  the  solution  is  sufficiently  dilute. 

It  has  been  proved  by  ex  pt  rime  lit  that  electrized  air  can  sup- 
port or  carry  nearly  twice  aa  much  moisture  as  ordinary  air  or 
oxygen  at  the  sarao  temperature,  and  that  this  air  is  much  more 
difficult  to  dry  than  the  gases  with  which  chemijits  usually  have 
to  deal.  Tim  explains  huw  it  b:i])|)eued  that,  before  the  disco- 
very of  the  cloud- forming  property  of  antozone,  so  many  obser- 
vers had  been  led  to  consider  oxone  an  oxide  of  hydrogen.  One 
experimenter  would  pass  recently  electrized  air  through  an  ordi- 
nary drying-tube,  such  as  long  experience  had  shown  to  be 
capable  of  djying  common  air  perfectly,  and  would  then  heat  tJio 
gas  ;  by  this  treatment  both  the  ozone  and  the  antojtone  would 
be  changed  to  ordinary  oxygen,  and  the  water  which  had  been 
carried  through  the  drying- tube  by  the  ant  ozone  would  be  maflo 
visible,  The  remarkrd>le  eapai  ity  of  antozone  for  moist  are  being 
unknown,  the  wat43r  thus  obtained  was  naturally  enough  supposed 
to  have  been  derived  from  some  compound  of  hydrogen  and  oxy- 
gen other  th:in  water,  and  capable  of  jwissing  unabsorbed  thixju|;li 
the  drying* tube.  Other  chemists,  pcrfonning,  as  they  suppoacd* 
the  same  experiment,  but  in  reidity  operating  upon  airless  recently 
oloctrized,  and  so  contaiuitig  no  antozone,  were,  of  course,  tumble 
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lo  ohtfiin  any  water  at  tho  poin*.  where  it  Had  been  observed  by 
Iht'ir  predecetjfors  ;  hence  arosa  a  series  of  controveriiiea  which 
hare  only  recently  been  oomposed, 

180,  As  has  been  already  mentioned,  antojEone,  like  ozone»  ia 
former]  in  all  processes  of  oxidation  and  combustion.  Luring 
oorobustion  most  of  the  ozone  produced  anters  into  combination 
irith  the  substance  burned,  while  the  antosonc  is  left  free,  or 
enters  into  combination  with  water  to  form  peroxide  of  hydrogen. 
When  the  combustion  is  slow  or  smouldering,  antozono  appears 
in  Jar^e  quantities,  and  in  presence  of  moisture  forms  the  cha- 
mcterifitic  mist  or  cloud.  Tobaceo-^moke,  the  gray  smoke  of 
cliimncys  and  of  (nin[mwder,  and  all  such  smokes  are  hntozone 
clouds, — iatts  which  support  the  idea  that  all  clouds,  fog^,  and 
mists  are  caused  by  the  prosc&cc  of  aotozone  in  the  atmosphere. 

The  oxidation  of  phosphorus  affords  a  rendy  method  of  exhibiting 
the  antOJ^ODt*  cloud.  l)a/in^  the  oxidation  of  phosphorus  in  moi^t  aiff 
white  luMies  are  formed,  which  were  long  a  great  puzzle  to  chemists. 
WTiether  the  phosphorus  be  allowed  to  oxidize  slowly,  a»  in  Exp.  75, 
or  hismed  rapidly,  n^  in  Exp,  13,  there  h  always  produced  a  white  mist 
ol  very  considerable  pemianence,  which  remains  1od>;  after  the  oxidea 
of  phosphorus,  which  are  also  formed,  have  been  taken  up  and  removed 
the  water.  Thi^  mist  is  the  antozone  cloud;  it  is  nothing  but  water 
Id  siL4pended  by  antozone. 

In  the  rapid  combustion  of  phos^phorus,  little  or  no  ozone  is  left  free; 
all  of  it  seems  to  unite  directly  with  the  phosphorus;  hut  mucii  more 
sntoxone  is  produced  when  the  combustion  is  rapid  than  when  it  is 
Alow.  The  formation  of  antozone  in  this  connexion  ^xplaiuH  the  hot 
alr^fsdy  alluded  to  (Exp.  I'i),  that  phosphorus  burning  with  flame,  in 
a  confined  volume  of  air,  does  not  wholly  exhaust  the  latter  of  oxygen* 
ino  phosphorus  cannot  combine  with  autozone,  but  only  with  ozone  j 
lienee^  when  no  oxygen  other  than  that  in  the  form  of  antozone  re- 
in*, the  combustion  must  cease. 

IKiring  the  burning  of  a  jet  of  hydrogen  under  a  bell-glass  through 
whicii  a  »itrcam  of  air  is  drawn,  antozone  is  formed,  as  is  proved  by 
the  i^uing  stream  through  water;  the  antozone  vlmnl  b  pro- 
wilbout  ditHcuUy,  and  peroxide  of  hydrogen  appears  as  a  pro- 
doct.  The  formation  of  the  antozone  mist,  and  of  peroxide  of  hydro- 
p^u  nmy  be  observed  with  any  other  flame  if  care  hv  Uikvn  that  tho 
whj*:h  «>treams  over  the  flame  be  not  too  strongly  healed.  A  high 
ptrrature  destroys  the  antozone  as  fast  as  it  is  iormt?d. 
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181.  Boaides  its  power  of  forming  eloada  or  mbts  with  water, 
which  is  interesting  rather  as  u  physical  than  as  a  chemical  fact, 
antozono,  particularly  when  newly  formed,  also  unites  with  water 
cbemically,  the  euhstance  callud  peroxide  of  hydrogen  (see  §  61), 
whos«  composition  is  expressed  by  the  formula  H^O^,  being 
result  of  the  combination* 

A  sinipl©  method  of  exhibiting  the  formation  of  peroxide  of  hydro- 
gen by  the  action  of  anto7.one  upon  water^  ia  to  place  a  shorty  narrow 
tube,  containing  coocentraled  -sulphuric  acid,  within  a  bottle  2  or  3 
cm*  in  width,  furnished  with  a  RTOimd-slasa  stopper,  and  tilled  with 
water  nearly  to  thi?  lop  of  the  tube.  Small  portions  of  pi?roxidt»  of 
bfttium  are  now  added,  at  intervals,  to  the  sulphuric  acid  in  the  tube, 
elevation  of  temperature  beintr  avoided  a.*  far  as  positible  ;  the  stopper 
fhoiild  Ije  replac't'd  in  the  bottle  after  each  additiuii  of  the  peroxide^ 
Moat  of  the  oxygen  evolved  in  this  process  appears,  however,  to  be  in 
the  ordinary  inactive  »ii\te^  and  the  solution  of  peroxide  of  hydrogen 
obtained  is  consequently  extitmicly  dilute.  A  better  method  ot  pro- 
cedure is  to  pa^s  a  current  of  carbonic  acid  gas  into  a  mixture  of  water 
und  peroxide  of  barium, 

BaOj,  H-  lljU  +  CO3  ^  BaO,CO,  +  ^fir 
In  this  way  a  highly  concentrated  aolutiou  of  the  peroxide  can  be 
obtained. 

Another  easy  method  of  preparing  peroxide  of  hydmgen  ia  by  the 
oxidation  of  amalgama  of  lead  or  zinc.  In  this  case  also,  as  in  the 
preceding"^  the  peroxide  of  hydrogen  is  probably  formed  by  the  miion 
of  iintozone  with  water, 

Onf  hundred  giiimmea  of  lead-amalgam,  containing  so  much  mer- 
cury that  it  s-hall  be  fluid  at  the  ordinary  temperature,  is  shaken  in  a 
bottle  of  the  capacity  of  a  litre,  together  with  200  c.  c.  of  water,  aci- 
dulated w*ith  2  grms.  of  sulphuric  arid  ;  the  water  soon  becomes  milky 
from  separation  of  sulphate  of  lead^  and  in  the  course  of  ten  or  twelve 
mJnute«  contains  enough  peroxide  of  hydrogen  to  exhibit  the  eharac- 
teriatic  reactions  of  this  substance, 

80,  too,  if  pulverulent  ssinc-BmaJgam  be  looaely  thrown  into  a  gla 
funnel,  with  naiTOw^  throat,  and  a  thin  stream  of  water  be  allowed  to 
flow  through  it  in  such  manner  that  the  metal  nmy  be  at  the  same 
time  acted  upon  by  both  air  and  water,  the  water  will  become  chiirired 
with  peroxide  of  hydrogeiL  Hy  repeatedly  pouring  buck  the  dilute 
iolutiun  of  the  peroxide  upon  the  anmlg.im,  it  *^an  ha  very  considerably 
itn^ngthened.  In  order  to  prepare  the  /.inc-aniftlgam,  equal  weights  of 
»nc-<ilingB  and  of  mercury  are  placed  in  a  beakor  glasSi  covered  with 
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waiet  acidulated  with  tulpbimc  or  cblorhydric  acid,  nnd  thoroughly 
mixed  by  stirring  with  a  gltuss  rod ;  the  acid  is  theD  poured  Qwny%  and 
the  hut  portions  of  it  removed  from  the  anialgam  by  washing  with 

ThiB  power  of  antogone  to  oxidize  water  distinguislies  it  com- 
pletely from  ozone,  which  has  little  or  no  action  upon  water, 

182.  Peroxide  of  hydrogen,  like  peroxide  of  barium,  is  supposed 
to  contain  one  atom  of  oxygen  in  the  form  of  antozone ;  the  per* 
o&idea  of  potassium,  sodium,  and  strontium  also  arc  placed  in  the 

ae  category.     They  are  all  called  antos&onides. 

183.  Antoxoae  can  be  distlnguisbed  &om  ozone  by  the  follow- 
ing tests : — 

Sttjpa  of  paper  J  charged  with  a  solution  of  sulphate  of  manganeae 
(Exp,  77),  do  not  become  brown  when  exposed  i^  the  actiou  of  ant- 
ozone ;  on  the  eontlrary,  manganese  papers  which  have  been  browned 
by  ozone  are  bleached  by  antozone*  Guaiacum  p/iper  (Exp.  78)  does 
not  become  blue  in  antozonized  nir.  The  yellow  compound  called 
Itijrocyanide  of  potassium,  which  is  converted  into  red  ferricyanide  oi 
potash nm  by  the  action  of  ozone,  is  not  changed  by  antozone.  In  the 
absence  of  acids »  antozone  has  no  action  upon  iodide  of  potassfium. 

The  chemical  behavior  of  antozone  may  be  conveniently  studied  by 
leiorting  to  its  compound  with  water,  the  aatozonide  peroxide  of  hy- 
drogen. If  peroxide  of  hydrogen  be  brought  in  contact  with  an  oionide 
like  peroxide  uf  lead,  for  example^  both  of  the  peroxides  will  be  re- 
duced, and  there  will  result  water,  protoxide  of  lead,  and  free  ordinary 
oxygen.  Whenever  an  antozonide  is  mixed  with  an  ozonide,  a  similar 
;  the  two  active  varii^ties  of  oxygen  disappear,  and 
rgen  is  evolved ;  hence  it  has  been  assumed  that  ordinary 
¥»  oxygen  is  a  sort  of  compound,  resulting  from  the  union  or 
ceutrolizntion  of  ozone  with  antozone.  Several  important  testa  for 
ftiitojione  are  dependent  upon  this  fact  of  the  decomposition  of  ont* 
ozcniide**  by  ozonidcs. 

If  a  licjuid  suspected  to  contain  jieroxide  of  hydrogen  be  shaken  in  a 
teit-tcjtie  with  a  small  quantity  of  ether,  the  ether  will  diiv^olve  the 
p«mxide,  and  will  finally  collect  upon  the  surface  of  the  liquid ;  on 
J  Jildin^'-  to  it  a  small  drop  of  a  solution  of  the  oxonide  chromic  acid,  or^ 
rhat  comfs  to  the  same  thing,  a  drop  of  a  solution  of  bicbronmte  of 
fium  acidulated  with  aulphurio  acid,  the  ethereal  solution  wijtl 
become  blue. 

If  a  liquid  containing  peroxide  of  hydrogen  be  added  to  a  dilate  red 
•oluLion  'J  permanganate  of  potassium^  this  solution  wili  be  decoloiizedi 
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referred  to  sulphur  are  really  tke  odors  of  rarioua  compounds  erf | 
sulphur,  and  are  not  evolved  by  the  element  itself.  It  ia  a  bad 
conductor  of  heat  and  electricity.  On  being  rubbed  it  becomcss 
highly  (negatively)  electric,  and  is  still  employed  as  a  source  of 
electricity  in  some  cases.  The  symbol  of  sulphur  is  6 ;  its  atomio 
weight  is  32,  being  precisely  twice  as  great  as  the  atomio  weight 
of  oxygen. 

188.  Sulphur  melts  easily  at  about  112®,  a  temporatur©  not 
very  far  above  that  at  which  water  boils,  A  fragment  of  it  may 
evon  he  molted  by  heating  it  on  writing-paper  over  the  flame  of 
a  candle.  It  vulatilizes  freely  at  temperatures  lower  than  ita 
melting-point,  and  boils  at  440°.  Indeed,  as  is  the  case  witk 
water,  it  is  a  snhjitanco  which  can  be  brought  into  either  of  the 
three  states  of  matter  without  any  difficulty ;  wo  can  have  it  as  a 
Eoiid^  a  liquid,  or  a  gas  as  we  please.  It  can  readily  bo  obtained 
also  in  the  form  of  crystals, 

Ejrp,  79. — In  a  small  beaker  glass,  or  porcelain  capsule,  heat  sJowfy 
50  to  60  ffrniB.  of  sulpliur  until  it  has  entirely  melted.  Keniove  the 
vessel  from  the  lamp,  find  allow  it  to  cool  slowly  until  about  a  quarter 
part  of  the  suljibur  has  f^oli^Vi'ed  ;  then  pour  off*  into  a  ha>*in  of  water, 
that  portion  of  the  sulphur  which  is  still  liquid,  bi-eaking  through,  for 
this  purpose,  the  crnat  at  the  top  of  the  liquid,  if  any  such  ha\  e  foraied. 
The  interior  of  the  ves ael  wiH  be  found  te  be  lined  with  transparent, 
prismatic  crystals* 

^.171,  80.— In  a  test-tube,  melt  enouprh  sulphur  to  fill  one-quarter  of 
the  tube;  place  the  tube  in  such  a  position  that  its  cnnt»'nts  may  cool 
slowly  and  quietly,  and  then  watch  the  fornmtiou  of  cry:!>lals  as  they 
shoot  out  fmin  the  comparatively  cold  walls  of  the  tube  towainls  the  , 
ceutre  of  the  liquid. 

Exp.  79  represents  one  general  method  of  obtaining  crystals, 
Crj'Btais  of  many  of  the  metals,  lead  and  bismuth  for  example, 
can  be  obtjiined  by  operating  in  this  way ;  it  is  only  necessary 
to  melt  the  metal  in  a  crucible  of  some  refnietorj^  matciial, 
placed  in  a  furnace.  The  melted  metal  havin-jr  then  been  allowed 
to  cool  nntil  a  tolerably  firm  crust  has  formed  npon  its  surface, 
this  crust  is  pierced  with  an  iron  rod,  and  the  crucible  quickly 
inverted,  so  that  the  [loition  of  the  metal  which  still  rcmairia 
fluid  in  the  inteiior  shttU  llow  out     Upon  afterwards  breaking 
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the  crucible,  crystals  will  bo  found  lining  the  cavity  of  tlie  metallio 
ctip  which  has  been  formed  within  it. 

189*  Exp.  BO,  besides  illustrating  the  manner  in  which  crys- 
tills  form,  teaches  us  something  of  the  physiciil  stnicturc  of  solid 
bodies.  The  s^jlid  mass  of  sulphur  which  is  left  in  the  test-tube 
when  it  has  become  cold,  is  evidently  nothing  more  than  a  com- 
pact bundle  of  interlaced  crystals.  If  the  mass  be  removed  from 
b«5  tube,  and  then  broken  across,  it  will  present  a  glistening 
Ippeorance,  owing  to  the  refleetion  of  light  from  the  surfaces  of 
the  minute  crystals  of  which  it  is  composed.  It  is  said  to  have 
a  erystaUiM  structure.  This  crystalline  stnicfcure  is  apt  to  render 
a  body  brittle ;  substances  which  possess  it  are  liable  to  break 
"with  the  grain,"  or  to  split  in  certain  directions  determined  by 
the  shape  of  the  crystals*  and  called  lines  of  cleavage ;  a  stick  of 
roll-brimstone,  for  example,  may  be  readily  brokea  or  cut  across, 
but  not  so  easily  in  the  direction  of  its  length.  The  same  remark 
applies  to  many  sampler  of  metal.  In  all  cases  where  tenacity  is 
ref]uired,  it  is  important  to  counteract,  or  to  prevent  as  much  as 
possible,  the  tendency  towards  crystallization.     Thus,  in  manu- 

Dturing  wrought  iron,  it  is  the  coiistant  endeavor  of  the  work- 
'man  to  render  the  metal  string}*  or  fibrous,  and  not  crystalline, 
Und  he  seeks  to   accomplish    this    by  appropriate  processes  of 
kneading,  squeezing,  and  rolling, 

300.  Another  easy  way  to  cryatallize  sulphur  is  by  the  method 
of  solution  and  evaporation,  such  as  was  employed  in  the  pre- 
paration of  nitrate  of  ammonium  (Exp.  33).  Sulphur  is  not 
soh)blo  in  water,  but  it  dissolves  readily  in  a  liquid  compound  of 
sulphur  and  carbon,  known  as  bisulphide  of  carbon,  which  being 
rxeadiiy  volatile,  quickly  escapes,  on  exposure  to  the  air,  and  so 
sits  the  sulphur. 

.Exp.  81. — Place  in  a  tci^t-tiibe  a  small  teaspoon  ful  of  flowers  of 
alpbtir,  pour  upon  the  aulphur  10  or  12  c*  c*  of  bisiilpliide  of  carbon, 
lose  the  tube  with  a  cork,  and  allow  the  mixture  to  stand  during  h«lf 
hour,  shaking  it  occasionally.  Decant  the  clear  liquid  from  the 
•utphor  which  still  remains  undissolved,  and  pour  it  into  a  snifdl  porce- 
lain cupstde,  which  place  out  of  doorsy  or  iu  a  draught  of  air,  until  the 
highlv  olf*?n?ive  bisulphide  of  carbon  has  all  evaporated.  Crystals  of 
sulphur  will  then  be  found  at  the  bottom  of  the  diah- 

This  ejtperimeut  might  be  modiHed  by  preparLug,in  the  first  place,  A 
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saturated  .^lutioii  of  aulpliur  m  boil  in  jj:  blaiilpbide  of  carbon »  and  tlieii 
allowinj^  tliti  clear  solution  to  cool  i*lowly.  CrvstftU  of  Hnl[>bar  would 
finally  be  louml  boneatU  the  cold  liquid.  The  method  by  e\  apomtion, 
na  above  described^  is  to  be  preieired. 

It  will  be  noticed  that  tbe  crystals  of  Exp.  81  are  not  shaped 
.  like  tboso  obtained  by  tbo  niotbod  of  fusion  in  Exp.  79.  The 
\  two  aets  of  crystdls  belong  in  f:ict  to  entixoly  diflerent  system b  of 
y  crystallisation. 

101.  The  researches  of  crystallo^aphera  have  proved  thnt  the 
crystals  of  niitural  minerak  and  artificial  chemica]  subs  tan  coe  J 
may  all  be  ineliidcd  in  six  general  classes  of  form,  called  ^ffstrmi 
of  crystallization.  In  ever}'  crj-stal,  certain  directions  may  bo 
recognized,  with  reference  to  which  the  bounding  planes  of  tb© 
crystal  exhibit  a  more  or  less  symmetrical  arrangement.  These 
diredions,  represented  by  straight  Uaes  drawn  through  the  centre 
of  the  crystal,  are  called  fl.iY«.  The  thousands  of  erystal-forma 
which  occur  in  nature,  or  are  produced  by  art,  have  been  divided 
into  six  systems,  or  groups*  by  observation  of  the  number,  rela- 
tive length  jind  mutual  inclination  of  the  axes  around  whivh  they 
are  ftymmctricidiy  formed.  These  six  systems  are  defined  as 
follows : — 

I.  3fotwnu'(rk  (sinffle'mettinirf)  or  JReff^dar  S^jntein. — Tlie  axes  are  ' 
thrt'e  in  nmubtT,  I'fj^unl  in  lenj^th,  and  int*-'rsect  each  other  uX  right 
angles,     Th«  rubt\  regular  octadu'dron,  and  rhombic  dodecahedron^ 
fonna  of  pr'rfect  syininetry,  behmg  to  this  Mfltem. 

II.  Dimetrir  ((wn^mtasure)  Sijjtf^m. — The  axes  are  three  in  number, 
and  int*'rscct  each  other  at  right  angle**;  but  one,  called  the  vertical, 
is  either  longer  or  shorter  than  the  two  lateral,  which  are  equal.  The 
right  square  prism  and  square  octahedron  arn  of  this  system. 

ni.  Trhne'riv  (Y/i/w-m^twr*?)  Stfntf*m. — The  axes  are  three  in  num- 
ber, unequiU  in  lengtli  and  intt*r.^ect  each  other  at  right  angles.  Tb« 
system  inrhitli'a  '.hu  right  rectnngnlar  prism,  the  right  rhombic  prism, 
and  tbe  rhombic  octaht'dron. 

IV.  Motmdinie  (nittf/lif-mclinathn)  St/^^m. — The  axes  are  three  in 
number,  and  unequal  in  Ifngtli ;  and  one,  colled  the  vertical,  is  at  right 
angles*  with  one  of  the  other  two  axe^,  which  are  calli'd  latt^ral,  but 
obliquely  inclined  to  the  other;  the  two  lateral  axes  intersect  p.ich 
other  at  right  angb?s.  The  right  rhoniboidal  and  oblique  rhombic 
prisms  belong  to  this  gystem. 

Vi   Tt^iiMme  {tAret'itwlifiation)  Sj/4em. — The  axes  are  three  in  nam- 
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W*  uneqiinl  m  l^n^h,  nnd  all  thdr  intcrsecttons  are  oHiqtic. 
ol»l]([iie  rlitimb{ tidal  prism  is  of  tbia  syatem. 

VI.  ItfjraffOHdl  Sf/gfem. — The  asea  are  four  in  number;  tbre6»  called 
lateral^  H«  in  one  plane,  are  equal  in  length,  and  intep*ect  each  other 
at  angles  of  &T- ;  the  fourth  axia,  called  vertical,  is  either  longer  or 
ihorter  than  the  othf/r  three,  and  crosaea  them  at  rip-ht  anj^'lee.  This 
system  includes  the  hi^xaironal  pri^ni  and  the  rhombohedron. 

Under  these  tystema  of  crystallizatjon,  the  variety  of  possible  forma 
and  diniensiions  h  unliiniteii,  Thun,  b  sjatema  in  which  the  nxes  are 
unequal,  the  ineqimlity  may  be  great  or  i^mall,  through  all  degrees  of 
discrepaney ;  in  oblique  systems  the  inclination  of  the  axea  may  vary 
LodetlRitely ;  rhoinbohedrous  may  occur  of  every  ang^le*  Thus  the  ac- 
tual forms  of  crystallography  become  exceeding"ly  numerous^  although 
thcr  all  belong  to  a  few  simple  types* 

If  the  student  draw's  in  perspective,  upon  paper^  the  axes  of  the 
teveTal  ivstems  above  deaenU*d,  or,  better,  con^trurt^s  the  different  seti 
of  axes  out  of  bits  of  woi>d  or  wire,  he  will  appreciate  the  fact  that 
Ibmta  belonging-  to  dirterent  »v^tem.H  are  ordinarily  so  unlike  in  general 
■|>{>earanee  as  to  be  readily  diHtinfrui^hable  even  by  those  who  have  no 
exact  knowledge  of  the  mathematical  science  of  crystanogrnphy, 

1£^2.  As  a  general  rule,  a  Bubstance  crystullizea  in  fortns  be- 
longing to  only  one  &ptem,  and  the  crystalline  form  of  a  sub- 
stance is  something  so  const-ant  and  characteristic  aa  to  be  one  of 
the  eheutist^a  most  valued  means  of  recognition  and  de6nition. 
But  this  general  rule  is  not  without  exceptiona.     Sulphur,  aa  haa 
just  been  proved,  may  he  made  to  cryatnllize  in  forms  belonging 
to  two  distinct  eystcms  of  crystjillization ;  and  thei  e  are  other 
,  fnjkiliinaes^  not  a  few,  which  when  or}*3tallixed  under  diflerent 
V%&  *lft. '  *^ondition9»   assume   forma   of    two   dintinct    syFtems. 
Bubstanoe^  which  are  thus  capable  of  assuming  crys* 
talline  forms  belonging  to  two  different  systems  arc 
said  to  be  dimor^»hom  (two-formtd).     Two  such  dif- 
ferent forms  of  the  same  substance  often    pig^^g, 
have  quite  dissimilar  physical  properties; 
they  are  apt  to  differ  from  each  other  in 
hardnesft,  specifie  gravity,  color,  optical  pro- 
perties, and  in  their  relation  to  heat;  the 
\      chemic4fcl  properties,  also,  of  two  such  dif- 
ferent forms  ore  seldom  entirely  the  same. 
iTho  dTstala  of  sulphur  obtaiued  by  fusion  (Exp.  7^)  im 
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elongated  ohlique  rbombic  prisms  (Fig.  38),  and  belong  to  the 
lb«irth  (or  monocliuie)  FVBtem.  The  crystals  of  Bulplmr  which 
are  derived  Irom  its  solulion  in  bisulphide  of  carbon  (Exp.  81) 
are  rhombic  octahedrons  (Fig.  39),  belonging  to  the  trimctric 
Bjstem,  The  specific  graTrity  of  the  octahedral  crystals  is  greater 
than  that  of  the  prismatic  in  the  ratio  of  2*07  :  1-91.  The  spe- 
cific heat  of  the  oclahcdral  crystals  is  0'103,  and  that  of  the 
prismatic  somewhat  greater.  The  melting-point  of  the  prismatic 
crystals  is  about  120° 

The  prismatic  crystala  of  sulphur  (Exp.  79)  cannot  be  kept 
for  any  great  length  of  time.  They  soon  lose  their  transparency 
and  characteristic  amber  color,  becoming  opaque  and  light  yeUow, 
like  ordinary  brimstone.  If  they  bo  examined  under  the  micro- 
Bcope  it  will  be  seen  that  the  prisms  are  now  composed  of  a 
multitude  of  little  octahedral  crystals.  The  clmnge  of  color  and 
texture  is  due  to  a  rearrangement  of  the  particles  of  the  original 
crystals,  thouscb  the  aggregation  of  octahedrons  which  have  been 
formed  within  the  prismatic  crystiil  still  retnins  the  shape  of  the 
prism.  If  the  prismatic  crystals  be  left  at  rest,  this  change  of 
form  usually  begins  in  the  course  of  a  few  hours  ;  but  it  may  be 
greatly  accelerated  by  scratching  the  crystals,  or  shaking  them 
together.  Under  ordinary  circumstances  the  passage  of  the  sul- 
phur from  the  one  molecular  state  to  the  other  goes  on  very 
slowly,  several  years  being  often  required  for  its  comjilrlion ;  hut 
the  change  can  be  accompb'slied  immediately  by  moistening  the 
prismfitic  ciystals  with  bisulphide  of  carbon.  A  considenibla 
omount  of  heat  is  developed  as  the  prismatic  sulphur  changes 
into  octahedral ;  this  can  readily  bo  appreciated  when  the  con- 
version is  effected  by  means  of  bisulphide  of  carbon. 

In  the  same  way  that  prismatic  sulphur  slowly  changes  into 
the  octahedral  variety  at  the  ordinary  temperature,  octahedral 
sulphur  is  gradually  converted  into  prismatic  sulphur  when  kept 
for  a  long  time  at  a  temperature  near  its  melting-point.  The 
change  in  specific  gravity  enables  us  to  follow  the  progress  of  tliis 
OonTersion. 

Sulphur  which  has  been  melted  and  allowed  to  solidify  gra* 
dually,  IK  always  in  the  prismado  condition  immediately  after  the 
Bolidificution.     Boll-brimstone,  for  example,  when  ixesh  from  tho 
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moulde,  is  transluceutj  and  of  a  dark  amber  or  brownish -jellow 
color,  like  the  prismatic  crystals  of  Exp.  79 ;  but  in  a  short  time, 
often  in  the  course  of  a  few  hours,  the  sticks  hocome  light -yellow 
and  opaque,  as  vre  find  them  in  oommerce.  and  are  then  com- 
posed, at  least  e^t^mally,  of  a  mass  of  octahedral  crystala. 

193.  There  is  still  a  third  way  of  obtaining  crystals  of  sulphur, 
namely,  by  sublimation.  At  slightly  elevated  temperatures,  sol* 
phur  is  yolatile ;  and  if  the  circumstances  be  such  that  the  rapor 

L shall  condense  very  slowly,  crystals  wiU  form.  The  natural 
crystals  of  sulphur  found  in  volcanic  countries,  which  aro  often 
very  large  and  of  great  beauty,  have  been  formed  in  this  way* 
These  native  crystals  are  octahedral,  like  those  obtained  bymeaiiB 
IP  bisulphide  of  carbon  (see  Exp.  81), 
•  194.  As  appears  from  the  foregoing,  there  are  three  distinct 
methods  of  obtaining  crystals: — I.  By  fusion  ;  that  is  to  say,  by 
the  slow  eooling  of  molten  matter.  II.  By  solution,  followed 
cither  by  removal  of  the  solvent  by  evaporation  or  chemical  means, 
ar  by  reduction  of  its  temperature.     II L  By  sublimation. 

A  familiar  instance  of  the  first  method  is  seen  in  the  case  of 
ice,  as  when  a  part  of  the  water  in  any  hollow  vessel  treeieti 
slowly  npon  the  sides  of  the  vessel ;  of  the  second,  in  the  manu- 
factnre  of  common  salt;  and  of  the  third,  in  the  forma^on  of 
frost  upon  a  window-pane. 

There  is  still  a  fourth  general  metliod  of  obtaining  crystals, 
which  consists  in  very  slowly  decomposing  some  chemical  com- 
pound of  the  substance  to  be  crystallized,  either  by  the  addition 
of  some  other  chemical  agent,  or  by  means  of  the  galvanic  cur- 
rent* Crystals  of  sulphur  may  be  formed  in  this  way,  and  are 
in  fact  sometimes  found  in  the  pipe^  used  to  convey  illuminating 

igtut  through  the  streets  of  cities,  under  such  circumstances  that 
it  is  erndent  that  they  have  resulted  from  the  decomposition  of 
Btoe  one  of  the  sulphur  compounds  with  which  coal-gas  is  always 
^taminated^ 

It  must  not  be  inferred,  from  the  above  enumeration  of  the 
^H  ordinajy  methods  of  obtaining  crystals,  that  either  fusion,  solu- 
^P  tioit,  or  sublimation  is  a  necessary  condition  of  the  formation 
^  of  crystals.  Both  in  nature  and  in  art  examples  occur  of  tho 
eryalailiue  arrangement  of  paitidcs  within  solid  masseb,  under- 


162  SOFT  ^XfLFltUB. 

circumstances  which  preclude  the  idea  that  either  fiision,  aolu* 
tioHj  or  Buhlimation,  in  the  ordinary  sense  of  these  terms,  should 
have  occurred, 

195.  Sulphur  hehavea  in  g  yery  remarkable  manner  on  being 
heated.  When  melt<?d  at  the  lowest  possible  temperature,  1 10** 
to  115°,  it  forms  a  limpid  liquid  of  a  light-yellow  color;  but  if 
this  liquid  be  heated  more  strongly,  it  begins  to  become  viscid 
and  dark-colored  at  about  15(P,  and  at  170^  to  20CP  it  is  almost 
black,  and  at  the  same  time  so  thick  and  tenacious  that  it  cannot 
be  poured  from  the  vessel  which  holds  it»  even  if  the  vessel  be 
inverted.  At  330°  to  340°  it  rogaiuij  its  fluidity  in  part,  though 
the  hquid  is  still  dark -colored,  and  finally,  at  about  440°,  it  be- 
gins to  boil,  and  is  converted  into  an  amljer-colored  vapor.  The 
specific  gravity  of  sulphur  vapor,  referred  to  hydrogen,  is  3S, 

196.  If  melted  sulphur,  in  tbo  viseid  state,  or,  bettor,  that 
which  has  regained  its  mobility,  be  suddenly  cooled,  a  semisolid 
modification  of  sulphur,  remarkably  difierent  &om  the  ordinary 
form,  will  be  obtained. 

Exp.  82. — Place  in  a  test-tube,  of  about  30  c.  c,  capacity,  15  to  20 
gnus,  of  coarsely  powdfrt^d  aiilphur ;  melt  the  sulphur  slowly  over  the 
gas-lamp,  and  contmut?  to  heat  it  until  it  begins  to  hoi!,  noting,  mean- 
while, the  changes  which  the  sulphur  undergoes — as  descnbed  in  §  ID***. 
Finally  pour  the  hot  sulphur,  in  a  tine  stream,  into  a  lurge  dish  full  of 
cold  water.  There  will  bt*  obtained  a  soft,  ela^stic,  reddish -brown  mass, 
which  can  be  knoadcMl  and  moulded  like  wax,  and  drawn  out  into 
threads  like  caoutchouc 

This  $oft  mdphur  cannot  be  preserved  for  any  great  length  of 
time.  When  left  to  itself,  at  the  ordinarj*  temperature  of  the 
idr,  it  slowly  hio'dens  and  changes  into  ordinary  brittle  ytdlow 
sulphur.  This  change  in  accelerated  by  kneading,  and  is  instan- 
taneous at  the  temperature  of  100***  In  any  event,  a  certain 
amount  of  heat  is  evolved  as  the  soft  sulphur  changes  into  ordi- 
niiry  sulphur.  The  specific  gravity  of  soft  sulphur  ie  somewhat 
lower  than  that  of  the  prismatic  crj^stals. 

From  the  foregoing  facts  it  appears  that  sulphur,  like  oxvgcn, 
is  capable  of  as^^uming  different  aHotropic  states,    (See  §  1^2.) 

lf)7.  In  its  tjcbavior  towards  solvents,  sulphur  presents  some 
curious  anomalies,     ISome  specimens  of  sulphur  ore  freely  aolublo 


I 


MtLK  OF  SUXPHTTB. 


163 


in  bisulphide  of  carbon,  wbilo  of  other  fiamples  only  a  cotnpara- 
lively  small  portion  dissolves.  We  dislinguiBh,  therefore,  a  »olul>le 
and  an  insolnble  modification  of  sulphur. 

Octahedral  sulphur^  the  bright-yellow,  translucent,  native  crys- 
tala  for  exnmple,  is  completely  soluble  in  bisulphide  of  carbon. 
But  of  the  soft,  elastic  sulphur,  such  as  was  pR»piu^ed  in  Exp.  82, 
as  much  as  30  or  40  per  cent,  is  completely  insoluble  in  the 
bisulphide,  whether  this  liquid  be  hot  or  cold. 

No  method  has  as  yet  been  discovered  of  preparing  pure  in- 
Bolubl©  sulphur  directly ;  but  it  can  always  be  readily  obtained 
by  dissolving  out  the  soluble  sulphur  from  a  mixture  of  the  two 
varieties,  such  as  the  soft  sulphur  above  mfutioned.  Flowers  of 
Siulphnr  contain  a  considerable  portion  of  insoluble  sulphur  ;  roll- 
brimstone  much  less,  though  the  interior  of  the  sticks  contains 
decidedly  more  than  the  outside  portions.  It  may  be  observed, 
in  this  connexion,  that  flowers  of  sulphur  are  prepared  by  sud- 
denly cooling  the  vapor  of  sulphur,  while  the  soft  variety  is 
obtained  by  suddenly  cooling  melted  sulphur. 

Insoluble  sulphur  undergoes  no  change  at  the  ordinary  tem- 
perature ;  but  if  it  be  kept  for  a  long  time  at  100°,  or  if  it  be 
exposed  to  the  vapor  of  water  or  alcohol^  it  is  slowly  converted 
into  the  soluble  variety, 

108.  For  some  pharmaceutical  purposes,  sulphur  is  prepared  as 
a  powder  finer  even  than  flowers  of  sulphur.  This  preparation  is 
known  aa  milk  of  sulphur  or  predintateii  suljthur. 

£^>  8S. — Place  in  a  small  flask  as  much  flowers  of  sulphur  as  can 
be  taken  up  on  the  point  of  a  penknife;  pour  into  the  flask  10  or  16 
c  c.  of  ft  Bolution  of  caustic  soda,  and  boil  the  mixture  for  some  time. 
Part  of  the  sulphur  will  dissolve  and  color  the  liquid  yelloiii^sh  brown. 

Pour  off"  the  clear  liquid  from  the  undissolved  sulpbuTj  mix  it  with 
u  equal  volume  of  water  and  »t]i  in  dilute  chlorbydric  acid,  added  by 
gmall  portions,  until  a  drop  of  the  mixture  placed  upon  litmuji  paper 
axhtbits  an  acid  reaction.  As  the  acid  i»  added,  the  liquid  assiunea  a 
milky  appearance  from  the  separation  of  sulphur  in  the  form  of  an 
eaiceedin^ly  tine  powder.  This  powder  is  so  light  that,  for  a  long 
while t  it  win  not  subside,  but  remains  suspended  in  the  liquor,  im- 
parting to  it  a  milky  appearance. 

Collect  the  po^*der  on  a  small  filter,  wash  it  with  water,  and  dry  it 
at  a  gentle  h«at    It  will  now  appear  as  a  pale  yellowi&h-grey  impfiU 
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pable  powder.  If  it  be  heated  more  sti'onglj^  so  thftt  it  melts,  the 
color  will  become  distinctly  yellow,  the  numberless  small  partides  of 
tbe  powder  being  now  compacted  into  a  single  maas. 

It  wiJl  be  remarked  that  the  color  of  flowers  of  sulphur  is 
lighter  than  that  of  roll-brimstone,  while  the  color  of  the  pre- 
cipitated sulphur  is  far  lighter  than  that  of  the  flowers.  Such 
diiferences  as  these  aro  common ;  they  depend  upon  a  difference 
of  mechanical  condition,  upon  differences  in  the  stat«  of  aggre- 
gation of  the  particles  of  the  substances  which  exhibit  them. 

The  method  of  pulverization  by  proci]jitation,  employed  in  thiB 
experiment,  is  a  general  method,  applicable  to  many  other  sub- 
stances besides  sulphur, 

199.  Sulphur  unites  energetically  with  most  of  the  other  ele- 
ments, such  union  being,  in  many  cases,  attended  with  evolution 
of  li^ht.  Koat  of  the  metals,  fur  example,  combine  with  it 
directly,  just  as  they  do  with  oxygen. 

Krp.  84» — Melt  in  an  ijnailion-tube,  12  to  16 
cm,  long,  4  or  6  grms.  of  sulphur,  and  heat  the 
liquid  until  it  boils;  then  throw  in  small  por- 
tions of  copper  filings,  or  tine  turnings,  and 
observe  tbe  violent  action  which  ensiues. 

Or  a  strip  of  very  thin  sheet  copper  or  a  coil 
of  fine  cupper- wire  may  be  suspended  in  the 
hot  sulphur  vapor,  in  the  upper  part  of  tbe 
ignition-tube ;  it  will  glow  vividly  as  it  unitee 
with  the  gaseous  sulphur,  much  in  the  ^ame 
way  as  if  it  were  burning  in  oxygen  gas.  The 
prot!uct  of  the  reaction,  in  either  case,  is  called 
sulphide  of  copper, 

Ej^,  85.— Mil  intimately  4  grms.  of  flowers 
of  sulphur  and  7  grros.  of  the  finest  iron-tilings.  Place  tbe  mixture  i 
an  ignition- tube  10  to  12  cm,  long,  and  heat  the  lower  end  of  tho 
tube  over  the  gas-lamp.  In  a  short  time  tlie  mass  vnll  begin  to  ghiw, 
as  tbe  sulpbuT  and  iron  enter  into  chemical  combination,  and  this 
igtiition  will,  of  itself,  pass  through  the  entire  length  of  the  tube, 
even  if  the  lamp  be  withdrawn.  The  final  product  of  the  reaction  is 
pfotofltilphide  of  iron. 

200.  As  has  been  already  shown  (§§  2,  109),  phenomena  of 
combustion,  such  as  are  exhibited  in  these  experiments,  are 
directly  referable  to  chemical  union*    They  are  strictly  analogous 
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ordinary  processes  of  combustion  xn  wliich  oxygen  xb 
,  though  the  technical  term,  combustion,  is  by  custom 
limited  to  the  act  of  combination  with  oxygen. 

Sulphur  combines  with  chlorine,  bromine,  iodine,  and  pbos- 
phorufl  at  the  ordinary  temperature,  and  with  carbon  at  a  red 
heat.  With  oxygen  it  unites  readily  at  a  compuriitively  low 
temperature.  When  heated  in  the  air,  it  takes  ^e  at  about 
250°,  and  burns  with  a  peculiar  blue  light.  This  easy  indum- 
mtibility  may  be  readily  illustrated  by  blowing  flowers  of  sulphur 
into  the  hot  air  issuing  from  the  chimney  of  an  Ar^nd  gas -lamp ; 
the  soiphur  takes  fire  at  a  considerable  height  above  the  ilame* 
The  irritating^  suffocating  gas,  which  is  produced  by  the  union  nf 
solpbuT  and  oxygeu,  will  be  shortly  described  under  the  name  uf 
sulphurous  acid. 

Several  important  practical  applications  of  sulphur  depend  upon 
this  property  of  igniting  and  continuing  to  bum  at  a  moderate 
heat.  It  is,  in  fact,  largely  employed  as  a  kindling  material. 
By  means  of  it,  other  bodies  less  readily  comhuiitible,  can  be 
heated  to  the  temperature  at  which  they  continue  to  bum. 
Hence  its  use  upon  matches  and  in  gunpowder  and  fireworks, 

201.  In  its  chemical  properties,  sulphur  is  closely  allied  to 
oxygen ;  like  oxygen,  it  forms  a  great  variety  of  compounds 
with  a  wide  range  of  different  elements ;  and  the  senes  of  com- 
pounds thus  obtained  is  in  many  respects  parallel  with,  or  com- 

hie  to,  the  series  of  oxygen  compounds. 

I  U  ^  important  raw  material  in  the  ehemkal  arts,  being  an 
lii^rediont  of  numerous  useful  compounds^  such  as  cinnabar,  ultra- 
marine, vulcanized  caoutchouc^  bisiulpbide  of  carbon,  cbluridc  of 
SQlphur,  and  the  various  compounds  of  sulpbur  and  oxygen,  one 
of  which,  sulphimc  acid,  is  the  most  important  chemical  agent  at 
present  employed  in  manufacturing  industry.  Sulphur  la  largely 
^fTO ployed  in  medicine,  in  the  treatment  of  cutaneous  diseascss  of 
both  men  and  domesticated  animals,  and  has  been  of  late  years 
extensively  used  in  the  vineyards  of  Europe  for  destroying  a 
par.'ksitic  fungus  which  infests  the  vines, 

202.  SuJjjhtfflric  Acid  (II^S). — When  sulphur  is  sublimed  in 
hydrt^gicn  gas,  or  when  hydrogen  is  passed  over  melted  svtl|diur, 
combination  takes  place  betweeu  the  two  elements,  though  very 
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slowly  and  imperfectly,  so  that  only  a  comparatively  small  quan- 
tity of  the  compound  is  obtained,  even  if  the  process  bo  con- 
tinued for  a  long  time*  Somewhat  larger  quantities  of  it  ar© 
formed  when  a  mixture  of  hydrogen  gas  and  sulphur- vapor  is 
passed  through  a  tube  filled  with  fragments  of  pumioe-^tone 
heated  to  about  500^. 

When  the  two  elements  meet  in  the  nascent  state,  they  com- 
bine readily;  thus,  when  organic  bodies  containing  sulphur 
putrefy,  and  when  they  are  subjected  to  destructive  distillation, 
iulphydric  acid  is  evolved,  just  as  ammonia  is  under  the  same 
circumstances.  In  either  event,  the  product  of  the  union  is  a 
colorless  gas  of  highly  offensive  odor,  Like  that  of  rotten  eggs. 

An  easier  method  of  preparing  anlphydric  acid,  or  sulphuretted 
hydrogen,  as  it  is  often  called,  ia  by  acting  upon  a  compound  of 
sulphur  and  iron  with  dilute  ohlorhydric  acid, 

Exp.  86.— In  a  gas-bottle  (Fig.  41)  put  10  or  12  grms.  of  protosul- 
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phide  of  iron,  see  Exp.  85;  re- 
place the  coik  in  the  bottle  and 
introduce  the  gaa-ddi very-tube 
into  another  small  butt!tj  contaia- 
iug  cold  water,  letting  the  tube 
dip  5  or  6  cm,  beneath  the  sur- 
face of  the  water.  Through  the 
thiatlo-tubfi,  pour  into  the  gas- 
bottle  water  enough  to  seal  the 
lower  extremity  of  this  tube ; 
then  add,  through  the  thistle- 
tube,  m  bef'irts  2  or  li  leaspoon- 
fuls  Oi  niuriattc  acid,  uud  observe 
that  bubbles  of  gas  soon  begin  to 
pass  thvou^^h  the  water  in  the  absorjitiott  bottle, 

Sulphydric  acid  ia  soluble  in  water  to  a  conaiderable  extent,  and  18 
consf^quently  taken  up  by  the  water  in  the  absorption  bottle.  The 
olution  thus  obtwned,  known  aa  stdphuretted  hydrogen- water,  ia 
Buch  employed  aa  a  reagent  in  chemieiij  laboratorieaj  it  wiU  serve  ui 
here  as  a  convenient  source  of  sulphydric  acid. 

Wh(^n  the  disenfj:Hgem©nt  of  gas  slackens,  a  new  portion  of  muriatic 
acid  may  be  added  through  the  thistle-tube,  and  this  process  continued 
until  the  wiit(?r  in  the  absorption  bottle  smell'*  strongly  of  the  gas. 

This  eitpciimaiit  ghouUl  be  performed  out  of  doora,  or  in  a  draught 
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of  air  0a  arranfred  that  those  portions  of  the  goB  which  escape  soUitioii 
shall  be  earned  away  from  the  opemtor. 

2i)3.  The  reaction  between  the  sulphide  of  iron  and  ehlor- 
hydric  acid  in  the  foregoing  experiment  is  somewhat  analogous 
to  that  which  oceure  in  the  preparation  of  hydrogen,  §  50.  If 
metallic  iron  (or  zinc)  he  treated  with  chJorhydric  acid,  hydrogen 
is  eToived,  according  to  the  equation 

le  +  2Ha  ^  FeCl,  +  2H* 

Bat  if,  instead  of  simple  iron,  sulphide  of  iron,  whose  fonniila 
is  Fe8,  be  taken,  sulphur  wtll  be  elimiuated,  as  well  as  hydrogen, 
by  the  action  ot  the  acid,  and  these  elements,  as  they  come  to* 
gether  in  the  nascent  state,  wiE  unite  to  form  sulphydric  acid. 
FeS  4-  2HC1  ^  FeCI,  +  H,8. 
Instead  of  absorbing  the  gas  evolved  in  the  foregoing  experi- 
ments in  water,  it  might  be  collected  as  such,  over  a  basin  hold- 
ing but  a  small  quantity  of  water,  or,  better,  filled  with  warm 
water  or  with  brine,  either  of  which  absorbs  less  of  the  gas  than 
cold  water.  Unless  absolutely  dry,  the  gas  cannot  be  collected 
over  mercury,  since,  when  moist,  it  acts  upon  this  metal. 

204.  At  the  ordinary   temperature  and  pressure,  sulphydric 
acid  is  a  gas  somewhat  heavier  than  air,  its  spetific  gravity  being 
17,  referred  to  hydrogen;   but  under  a  pressure  of  about  15 
atmospheres  at  ll*^,  it  be- 
comes liquid.    The  specific  *^^*  ^* 
grarity  of  this  liquid  re-         I  •-? 
ferred  to  water  is  0-9.   At 
—85**  the  liquid  solidifies 
to  a  white  crystalline  mass, 

205.  Binc<;  the  sulphide 
ol  iron,  employed  in  ttie 
preparation  of  sulphydnc 
add,  IB  Q^mally  mixed  with 

I  certain  quantity  of  rae- 
lic  iron,  the  gas  is  liable 
to  be  contaminated  with 
free  hydrogen .  For  all  or- 
dinary^  purposes,  the  gas 
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tboB  mixed  with  hydrogen  serves  as  well  as  if  it  were  pure ;  but 
in  Bome  cases  a  gaa  free  from  hydrogen  is  re<iuired.  In  order  to 
prepare  it,  sulphide  of  antimony  is  substituted  for  the  sulphide 
of  iron. 

1  part  of  powdered  s+ulpbivle  of  aotimony  placed  in  a  thin -bottomed 
flask  is  treated  with  8  or  4  pari^  of  chhirhydric  acid  of  11  sp.  gr.  and 
the  mixture  gently  hi^nted*  The  apparatus  may  be  arranged  aa  in 
Fig.  42»  in  whifh  the  bottle  into  w^hich  the  gua  first  enters  contains  a 
very  small  quflotity  of  wftt-er ;  this  water  aervea  to  remove  any  particles 
of  the  acid  or  of  solid  matter  which  may  have  been  cairied  over  in  the 
current  of  qra."*,  lo  case  a  dry  gas  be  needed,  a  chlorid*vof-calciiim 
tube  (eee  Appendix,  §  1»5)  must  be  interposed  between  the  wa^h-bottle 
and  the  mercury-trough, 

206.  The  volumrtnc  composition  of  sulphydric  acid  gas  is  one 
volume  of  sulphur- vapor  and  two  volumes  of  hydrogen,  condensed 
to  two  volumes.  Its  molecule,  thereforet  contains  one  atom  of 
sulphur  and  two  atoms  of  hydrogen,  and  is  strictly  analogous  to 
the  molecule  of  water. 

The  composition  of  sulpljydnc  arid  may  he  dt^termined  experi- 
mentally by  liMfttiog  niclaUic  tin  in  a  confined  volume  of  the  gas.  An 
igrnition-tube  20  or  1^0  cm.  long,  bent  at  an  obtuse  angle,  within  5  to 
6  cm.  of  the  closed  extremity,  as  shown  in  Fig.  43,  shimld  be  com- 
pletely tilled  with  dry  sulphydric  acid  gaa  over  the  mercnry-trough| 
and  then  closed  with  tlip  thumb  and  inverted. 
Some  gramdated  tin  shotdd  be  dropped  into 
the  tube  and  made  to  lodge  in  the  bent  part, 
the  thumb  being  ins^tanlly  replaced  upon  the 
mouth  of  the  tube  the  moment  the  tin  has 
entered. 

Th*:^  tube  full  of  gft«^  is  now  replaced  in  the 
mercury-troughj  a^^i  shown  in  the  figure,  and 
about  one- third  ]>art  of  the  gaa  ia  allowed  to  escape  by  inclining  the 
tube  90  that  the  gan  may  bubble  out  through  the  mercury.  The  tube 
and  its  contents  are  left  at  rest  durinjf  half  an  hour,  in  order  that  they 
may  acquire  the  temperature  of  the  snrrounding  air,  a  caoutchouc  ring 
is  slipped  down  the  tube  to  mark  the  luight  uf  tbf3  gas,  and  ibt*  tin  is 
then  heated  with  the  flame  of  a  spirit-himp.  The  hot  tin  coinbioep 
with  the  sulphur,  and  hydr*jgen  is  set  free.  The  npparniUH  is  left  nt 
test  during  anotht-r  half  hour,  and  the  height  of  the  gas  in  the  tube 
is  then  noted.  Tf  the  g*is  employed  was  pure,  it  mil  be  found  that  lu 
volume  haa  undergone  no  change.    The  hydrogen  ^hich  has  been  set 
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free  occtipi^  precisely  the  aame  space  as  the  sulphjdno  acid  did  before 
It  was  decomposed. 

it  h  erident  from  thii  that  1  Toluine  of  siilplijdnc  acid  gfas  contains 
1  Tolume  of  hydrogen,  or  multiplying  these  numbers  by  2,  in  order  to 
MTire  at  the  compoaition  indicated  by  our  molecular  fonnuta,  that  2 

P«^i..^^  of  ^ulphydric  acid  contain  2  volumes  of  hydrogen.    Now  the 
ic  gravity,  or  unit-volume  weight  of  8u]phydric  acid  bos  been 
I,  by  earperiment,  to  be  17*19,  Ibat  of  hydrogen  being  1 ;  and  if 
am  the  weight  of  S  volumes  of  flulphydric  ficid.    •    .    .  S4'38 
9  •uhtnet  the  weight  of  two  volumes  hydrogezi    .    .    *    S'OO 
There  wiH  remain a2  38 

which  Is  very  nei^ly  equal  to  the  unit-volume  weight  of  sulphur- 
vrnpofy  SI'S,  m  experimentally  determined. 

The  composition  of  gulphydric  aeid»  both  by  volume  and  weighti 
may,  therefore,  be  expressed  by  the  diagraau 
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207-  The  gas  is  very  poisonous;  when  respired  in  the  pnre 
state  it  quickly  proves  fatal*  and  it  is  very  deleterious,  eveJi 
though  brfjely  diluted  with  atmospheric  air.  Small  birds  soon 
die  in  air  which  contains  only  y^Uo  ^^  ^^  volume  of  the  gas,  dogs 
in  air  which  contains  ^^^^,  and  horses  in  air  which  contains  y^ 
af  its  volume.  Men  can  support  more  of  it,  but  in  experimenting 
with  it,  it  is  best  to  do  so  where  there  is  a  free  circulation  of  air. 
Kausea  and  headache  are  often  produced  when  an  atmosphere 
even  slightty  contaminated  with  sulphuretted  hydrogen  has  been 
hrcathed  for  any  length  of  time.  In  case  the  air  of  an  apart- 
ment become  contaminated  with  the  gas,  the  disgusting  smell 
eon  readily  be  neutralized  by  sprinkling  the  room  with  chlorine- 
water,  or  by  evolving  a  little  chlorine  gas  by  adding  some  dilute 
acid  to  a  small  quantity  of  bleaching -powder. 

The  gfts  ejciiits  as  a  natural  constituent  of  some  mineral  waters 
wliicb  are  thence  called  sulphurous^  such  as  the  Virginia  Sul- 
phur Springs,  and  the  mineral  springs  at  Sharon,  N.  Y.     It  is 
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also  found  in  tke  air  and  water  of  fool  sewei?,  and  whe 
animal  matter  b  undergoing  putrefaction. 

208.  Sulphydric  acid  gas  is  readily  inflammable,  and,  like  hy- 
drogen, extinguishes  the  flame  of  a  burning  candle  immersed  in 
it.  It  bums  with  a  blue  flame,  producing  water  and  sulphurous 
acid  gas. 

H.8  +  30  =  H^O  -f  SO,, 

In  case  it  be  ignited  in  contact  with  a  quantity  of  air  insuffident 
to  bum  the  whole  of  it,  the  hydrogen  will  bum  first,  and  a  por- 
tion of  the  sulphur  will  escape  combustion . 

If  a  tall  glass  cylinder  be  filled  with  eiilpbydric  acid  gas^  and  th«- 
gas  be  Uglited  at  the  top,  the  flame  will  pass  down  the  cylinder  as  1 
hydrogen  is  consumed,  and  a  quantity  of  very  finely  dividt>d  solid  «ul^ 
phur  will  be  deposited  upon  the  walk  of  the  vesaeL 

It  has  already  been  stated  that  sulphiu*  Idndlea  very  easily,  and  thai 
it  has  a  strong  ai!iiiity  for  oxygen ;  but  it  appears  firom  this  experi- 
ment, that  bydrogen  kindles  a  til!  more  readily,  and  that  its  affinity  for 
oxygen  is  greater  than  that  of  sulphur. 

When  mixed  with  air,  in  certain  proportions,  it  is  explosive ; 
a  fact  which  should  be  borne  in  mind  by  the  experimenter, 

209.  Water  dissolves  about  three  times  its  own  volume  of  the 
gas  at  the  ordinary  temperature.  This  solution  (see  Exp.  86)  i 
transparent  and  colorless  when  recently  prepared,  but,  when  kepi*! 
it  gradually  becomes  opalescent  and  turbid  from  deposition  of 
sulphur.  Oxygen  from  the  air  unites  with  the  hydrogen  of  the 
Bulphydrie  acid  to  form  water,  and  sulphur  is  set  free.  After  the 
lapse  of  several  weeks  or  months,  it  will  be  found  that  the  solution 
no  longer  contains  any  eulphydric  acid;  it  has  lo<st  its  nauseous 
odor,  and  the  bottom  of  the  bottle  is  covered  with  sulphur,  thi 
result  of  the  decomposition  of  the  dissolved  g^is. 

The  aqueous  solution  of  the  gas  reddens  htm  us  slightly,  Hko 
the  very  weak  acids.  Towards  metals  and  metallic  oxides  it  be- 
haves in  a  manner  flomewhat  analogous  to  that  of  chlorhydrio 
acid  and  its  congeners,  while,  with  regard  to  metallic  sulphides, 
it  stands  in  the  same  relation  as  water  to  the  oxides,  as  will  be 
explained  hereafter. 

Exp,  8V. — Place  a  drop  of  sulphuretted-hydrogen  water  (Exp.  86) 
upon  a  bright  piece  of  copper,  leadi  or  silver,    The  metal  wHiq^uickly 
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bfloome  black.    The  sulphur  of  the  sulphydj-ic  acid  uniiea  with  the 
iDietftl^  to  form  iulphide  of  copper^  sulphide  of  lead,  or  sulphide  of  all- 
Ter,  m  the  caae  may  he^  while  the  hYdrogeu  escapes. 
Cu  +  H,S  ==  CuS  4-  2H. 

Ejj>,  88. — Place  in  a  test-tube  as  much  litharge  (oxide  of  lead  ^s 
PbO)  as  can  be  held  upon  the  point  of  a  penknife,  pour  upon  it  a  teo^ 
•poo&ful  of  fltilphuretted  hydrogen-water,  and  obserTe  that  the  yellow 
Ulhargid  immediately  becomes  black.  Sulphide  of  lead  is  formed^  aa  in 
tha  preceding  experiment,  together  with  a  quantity  of  water. 
PbO  +  H,S  =  PbS  -h  H,0. 

&p.  89.— In  place  of  the  litharge  of  the  last  experiment,  take  a 
Tety  amall  crystal  of  nitrate  of  lead  (Exp.  42)  ;  di^^solve  it  in  afi  much 
wvAeer  a9  will  half  fill  the  teat- tube,  and  to  this  solution  add  a  few  dropa 
oi  the  «ulphiurett'ed -hydrogen  water.  Black  sulphide  of  lead  is  thrown 
down  aa  a  precipitate,  and  nitric  add  is  set  &ee. 

PbO,NjO,  4-  H,S  ^  PbS  -h  H,0,N,0^ 

210,  Since  many  of  the  metalHc  aulphides  are,  like  the  sul- 
phides of  lead,  copper,  and  silTer,  insoluble  in  water  and  dilate 
adds,  atilphurctted  hydrogen  is  peculiarly  well  adapted  for  pre- 
cipituting  the  metals  from  their  solutions.  After  having  been 
thro^iQ  down  aa  sulphides,  as  in  the  last  experiment,  they  cim  b© 
•iiftdily  separated  and  collected  by  filtration. 

Though  many  of  the  metallic  sulphides  are  black,  like  that  of 
lead,  thii  is  not  true  of  alL  Several  of  them  exhibit  character- 
iatic  colors,  by  which  they  may  be  readily  recognized ;  thus  the 
color  of  sulphide  of  antimony  is  orange,  that  of  sulphide  of  aisenio 
ia  yellow,  and  that  of  sulphide  of  zinc  white.  Upon  this  fact  the 
applicntion  of  sulphuretted  hydrogen  as  a  test  or  reagent  (that  is, 
10  ft  means  of  detecting  and  identifying  man?  metals)  is  in  part 
bascrd. 

211.  In  the  same  way  that  sulphuretted  hydrogen  can  be  em- 
ployed for  detecting  the  presence  of  m etuis,  so,  conversely,  solu- 
tions of  the  metals,  or,  in  some  cases,  the  metals  themselves,  may 
be  used  as  tests  for  sulphuretted  hydrogen. 

J^,  00. — ^Prepare  a  strong  aqueous  solution  of  nitrate  of  lead,  or 
better,  ol  acetate  of  lead  (su^ar  of  lead).  Wet  strips  of  white  papej 
3  to  4  cm,  wide  with  this  solution,  and  dry  them  in  air  which  is  free 
from  sulphuretted  hydrogen.  This  lead-paper,  as  it  is  called,  should  be 
kept  for  use  in  tightly  stoppen^d  bottles. 
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Mobten  a  bit  ol  the  loj^cl-paper  with  water  and  expose  it  to  »ome 
source  of  aulpb  lire  tied  hydrogen — the  month  of  the  bottlo  ol  sulphy- 
dric  ajcid  prepjired  in  Exp,  80.  for  example^  or  to  the  fetid  air  of  ii  sewer. 
The  paper  will  immediatelj  be  blackened  from  formation  ol  sulphide 
of  lead* 

The  ^laelcening  of  silver- waro,  of  watches,  and  cards  which 
have  been  glared  with  a  preparation  of  lead,  at  many  mineral 
springs,  and  other  localities  where  sulphuretted  hydrogen  is 
Cfvolred,  is,  in  like  manner,  indicative  of  the  presence  of  this 
gas.  Tests  like  these,  which  are  eontiniious  and  cumulative,  are, 
of  course,  much  more  delicate  means  of  detection  than  the  mere 
odor  of  the  gas. 

212.  Sulphydric  aeid  is  a  compound  which  is  very  easily 
decomposed »  AVlien  simply  heated,  it  breaks  up  into  its 
components;  and  it  is  readily  destroyed  by  various  chemical 
agents. 

Exp.  91. — To  a  gaa-hottle  such  as  was  emploved  in  Exp.  86,  con- 
taining sulphide  of  iron,  attach  a  chloride-of-calciam  tiil>e  (Appeodix^ 
§  15)  and  a  piece  of  hard  glass  tubing,  No.  4^  ahoiit  20  cm.  long.  To 
the  end  of  this  glass  tube,  attaeh  another  tube  bent  at  right  angles  ami 
dipping  into  a  bottle  of  water.  Pour  chlorhydric  acid  into  the  gas.- 
bottle,  80  that  sylphydric  acid  shall  be  freely  generated,  as  seen  by  the 
How  of  bubbles  through  the  tinal  buttle  of  water.  After  the  lapse  of 
some  minutes,  when  the  appaiatna  has  become  completely  tilled  with 
the  gas  and  the  last  portiona  of  air  have  been  expelled,  heat  the  middle 
of  the  tube  of  hard  glaai^  with  the  flam©  of  the  ji(ay-lanip,  and  observe 
the  ring  of  ^lUphur  which  will  collect  upon  the  walls  of  the  cold  portion 
of  the  tube  a  whort  distance  in  front  of  the  flame. 

It  will  be  »een  in  aubseijuent  chapters  that  several  other  of  the 
gaseous  compoundi^  of  hydrogen  are  decomposed^  like  sulphydric  acid| 
upon  being  passed  through  hot  tubes. 

The  influence'  of  oxygen,  in  decomposing  the  aqueoas  solution 
of  sul])hydric  acid,  has  been  already  alluded  to,  §  209  \  it  hits 
been  observed,  moreover,  that  air  contaminated  with  sulphydric 
acid  soon  becomes  odorless  of  itself,  oxygen  uniting  with  hvdro- 
gen,  as  before,  and  sulphur  being  set  free.  AH  the  oxidijting 
agents  (that  is,  substances  which  readily  give  np  oxygen)  dccom- 
pos«j  siilphydric  aeid,  water  being  formed  and  sulphur  deposited. 

Bxp,  &2. — Into  a  test-tube  containing  4  or  6  c.  c,  of  sulphurett**d 
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hrdro^ji^water  (Exp.  86 )p  pourlittlf  ftsmucli  cmieentrated  tiitnc  acid. 
Sulphur  will  be  depasited  wid  nitrous  fumes  evolved. 

Vory  dilute  nitric  acid  will  not  thua  decomj>ost«  sidpliydric  acid. 

Chlorine,  bromine,  and  iodine  vapor  instantly  decompose  sul- 
phydric  acid,  uniting  with  its  hydrogen  to  form  ohlorhydric, 
bromhydiic,  or  iodohydric  acid,  wkile  sulphur  ia  precipitated. 

H^  -f  2C1  =  2Ha  H-  8, 

&f^.  fiS, — In  place  of  the  nitric  acid  of  the  preceding  experimenti 
pour  a  ft'w  dropa  ol  chlorine- water  into  the  solutioji  ol  sulphydric  acidt 
and  ob^rve  that  the  odor  of  the  latter  is  dei^troyed. 

213^  Permlphide  of  Hydrogen  (H^S,  ?),— TMa  ia  an  exceed- 
SBgly  unstable  liquid,  the  composition  of  which  is  not  nccurately 
Jmown^thougb  it  ia  supposed  to  he  analogous  to  that  of  (he  peroxide 
of  hydrogen.  It  can  be  prepared  by  adding  a  solution  of  per- 
sulphide  of  calcium  to  diluted  chlorhydric  acid.  The  reaction 
may  be  conceived  to  take  place  in  accordance  with  the  following 
equation : — 

GttS,  +  2HC1  =  CaCl,  +  H,S,  +  38. 

&j»,  9C  Mx  76  or  100  grms.  of  flowers  of  sulphur  and  an  equal  weiglii 
©f  ^aked  Ume  with  h«lf  a  litre  of  water,  place  the  mixture  in  a  flask 
and  h<Nit  it  to  boiling^^  taking  care  to  agitate  the  flask  so  that  the  solid 
matter  may  not  bttcome  impacted  upon  it.  Continue  to  boil  for  about 
•n  hour,  then  filter  off  th«  liquor  from  the  undissolved  portions  of 
ftilphur  and  lime.  The  solution  thus  obtained  is  a  mixture  of  several 
ia)phide>8  of  calcium,  more  highly  sulphuretted  than  the  protosulphide^ 
but  will  #erve  the  present  purpose  as  well  aa  if  it  were  the  pure  quin- 
ulphide. 

Pour  the  solution  of  sulphide  of  calcium  into  250  c.  c,  of  a  raixttire 
of  2  parts  of  concentrated  chlorhydric  acid  and  1  part  of  water.  Per- 
•ulphide  of  hydrogen  will  separate  in  fine  oily  drops,  producing  a  milky 
luibidity  in  the  liquid  These  drops  soon  coalesce  and  settle  out  be- 
ncatU  the  water.  A  good  way  of  collecting  the  persulphide  is  to  per- 
fsma  the  precipitation  in  a  large  glass  futmel,  provided  with  a  stopper. 
By  c«refully  opening  this  stopper^  the  precipitnted  oil  can  nearly  all  be 
drawn  off  without  disturbing  the  water  which  floats  above  it. 

Persulphide  of  hydrogen  emits  a  peculiar,  disagn^able  odor, 
and  is  very  irritating  to  the  eyes  and  mucous  membrane.  It 
taatee  aweet  and  bitter,  but  diBorgankes  the  flesh  wherever  it 
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tonohes  it.  It«  properties  closely  reserabb  those  of  peroitide  of 
hydrogen ;  it  is  Tery  unstable,  and  is  decomposed  by  the  same 
substances  which  destroy  the  oxide*  It  e^en  decomposes  spon- 
taneously when  left  at  rest  for  a  few  days  ;  ordinary  vegetable 
colors  are  quickly  bleached  by  it ;  it  decolorizes  also  solutionB  of 
Indigo. 

214.  In  the  last  section  we  have  used,  for  the  first  time,  cer- 
tain technical  terms  which,  perhaps,  need  brief  explanation. 
As  has  been  stated  in  §  7r>,  many  of  the  elements  are  capable  of 
unitinar  with  other  ek^ments  in  several  different  proportions  to 
form  chemical  compounds.  Sulphur,  for  example,  is  specially  apt 
to  form  more  than  one  compound  with  a  single  element.  When 
sulphur  unites  with  a  metal,  the  compound  formed  is  called  a 
sulphiW*,  just  as  a  compound  of  oxygen  and  a  metal  is  caDed  an 
oxide,  or  one  of  chlorine  and  a  metal  a  chloride,-^the  termina- 
Hon  ids^  which  always  indicates  combination,  being  added  to  the 
first  syUable  of  the  word  sulphur,  or  oxygen,  or  chlorine,  and  tbo 
new  word  ending  in  kh  being  then  connected  with  the  name  of 
the  metal,  as  in  the  case  of  sulphide  of  copper,  Exp.  87,  But 
when,  as  in  the  case  of  calcium,  there  are  several  distinct  sulphides, 
it  is  customary  to  distinguish  one  from  the  other  by  means  of 
various  Latin  and  Greek  prefixes.  Thus  the  compound  which 
contains  one  atom  of  sulphur  and  one  atom  of  calcium  is  the  proto- 
sulphide,  or  siraply  the  sulphide  of  calcium,  the  prefix  proto  being 
derived  from  the  Greek  word  for  first ;  the  compound  which  oon- 
tains  two  atoms  of  sulphur  to  one  of  calcium  is  the  bisulphide  of 
calcium »  from  the  Latin  for  twice  :  and  in  like  manner  we  have 
a  tersulphide,  containing  three  atonla  of  sulphur  to  one  of  calcium, 
and  a  quinquisulphide  containing  five  atoms  of  sulphur.  The 
compound  containing  the  highest  proportion  of  sulphur  is  often 
called  the  j^ers ulphide.  A  good  custom  is  to  designate  the  oom- 
pounda  which  contain  more  sulphur  than  the  protosulphide  by 
prefixes  of  Latin  origin,  and  to  distinguish  those  which  may  con- 
tain less  sulphur  than  the  protosulphide  by  means  of  Greek  pre- 
fixes ;  thus,  if  there  were  a  compound  of  two  atoms  of  calcium 
and  one  of  sulphur  (Ca^8)  it  would  properly  be  called  a  di -sulphide 
ef  cakium,  the  prefix  being  from  the  Greek  ^u*  Theaame  pre- 
ixm  are  UBcd  in  an  analogous  manner  io  connexion  with  the 
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words  oxide*  cMoride^  bronnde^  iodide,  and  the  similar  words 
ending  in  ide. 

215.  Compoimdi  of  Sulphur  and  Oxygen. — ^No  less  than  seven 
different  compounds  of  sulphur  and  oxygen  have  been  discovered, 
of  which  form  acid^  by  union  with  water*     Thus  the  oxide  of 

Jphnr  80,  forms,  by  union  with  the  elements  of  water,  common 
sulphuric  acid  Hj,80^ ;  the  name  sulphuric  acid  being  indiscri- 
minately applied  to  both  bodies,  although  only  that  one  which 
contains  hydrogen  poeseeaes  the  properties  commonly  describt^d 
by  the  term  acid. 

Two  of  these  compounds,  vii.  snlphtirous  acid  (SO^),  and 
sulphuric  acid  (SO^)*  have  long  been  known,  and  these  are  still, 
comparatively  speaking,  of  most  importance,  since  they  are  em- 
ployed upon  the  large  scale  in  the  arts.  Subsequently  there  were 
found  the  compounds  8^0,  (hyposulphuric  acid)  and  S^O^  (hypo- 
sulphurous  acid) ;  and  at  a  still  more  recent  period  the  compotinds 

8.0,,8/3,,sudS.O,. 

As  long  as  only  two  compounds  of  sulphur  and  oxygen  were 
known,  they  were  distingui.shed  as  sulphurotw  and  sulphunr,  in 
accordance  with  the  rule  laid  down  in  §  70 ;  when  the  two  com- 
poundsi  SjO^  and  8^0 j,  containing  respectively  less  oxygen  than 
sulphuric  and  sulphurous  acids,  were  discovered,  the  prefix  hypo 
was  resorted  to  as  explained  in  §  71  ;  lastly,  for  the  later- found 
acid  compounds  of  sulphur  and  oxygen,  the  ordinary  rules  of 
chemical  nomenclature  being  inadequate,  it  was  necessary  to 
invent  a  special  set  of  names.  They  were  all  called  Thionic  acids, 
&om  the  Greek  word  for  sulphur,  and  were  then  distinguished 
from  one  another  by  the  prcnxes  tn,  tetra,  andp^iUa,  in  aooord- 
anoe  with  the  number  of  atoms  of  sulphur  in  each.  Strictly 
^leaking,  the  compound  8^0,,  since  it  contains  five  atoms  of  oxy- 
pSD.  like  the  thionic  acids,  should  perhaps  follow  the  new  rule  and 
be  called  dithionic  acid  but  it  is  still  customary  to  retain  the  old 
name  hyposulphuric  acid. 

Tbe  complete  hst  of  the  names  of  the  compounds  of  sulphur 
and  oxygen  is  as  follows  : — 

Sulphurous  acid «    .    SOj 

Sulphuric  acid       *    .    »    •    • SO, 

Hypofiulpburous  acid     «#»«••••    SjOg 
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Hvposulpburic  acid  (or  Dith  ionic  acid) 


Trithi- 

Tetralhionic 

Pentathionic 


iicid 


acid 
acid 


Of  all  these  compounds,  only  sulphEroiis  acid  can  he  readily 
obtained  by  the  direct  union  of  sulphur  and  oxygen.  The  oth^v 
naiist  be  prepared  by  circuitous  methods. 

216.  Sulphurous  Acid  (SOJ» — This  acid  is  produced  when 
Bulphur  is  burned  in  the  air  or  in  pure  oxygen  gas. 

Mtp.  9.'5. — Liirht  a  piece  of  sulphur  in  a  doflasrrattng^  spoon  Fig.  44^ 
and  suspend  the  latter  in  a  half-litre  hot  tie  full  of  air.  On 
examiuing-  the  contenta  of  the  bottle,  after  the  sulphur  has 
leased  to  burn,  there  will  be  found  au  irritatinp:^  suHocatinjjf 
gas  having  the  peculiar  odor  which  is  familiar  as  that  of 
a  burning  match*  The  bottle  ia  now  full  of  sulphuroua 
acid  gasi  mixed  with  the  nitrogen  originally  present  in  the 
ail. 

217*  By  burning  sulphur  in  oxygen  gas,  instead  of  in  air,  as 
in  the  preceding  experiment,  a  much  purer  product  could,  of 
course,  be  obtained.  But  tho  experiment  would  be  chiefly  inter- 
esting in  enabling  us  to  determine  ayntheticaHy  the  compositioii 
of  sulphurous  acid. 

If  aulphur  be  burned  in  a  confined  volum©  of  dry  oxygon  gas,  It  will 
be  found,  after  the  combustion  has  t^*rminat4?d^  and  the  ga^  has  been 
allowed  to  regain  its  original  t#?niperature,  that  tbe  volume  of  the  sul- 
phurous acid  produced  ia  sensibly  the  eame  as  that  ol  the  original  oxy* 
gen,  though  ita  weight  is  twice  a^  great  Hence  1  volume  of  sul- 
phurous acid  gas  contains  1  volume  of  oxygen.  Now,  if  &om  the 
weight 

Of  1  unit-volume  of  sulphurous  acid,  as  deterinined  by  ex- 
periment    , .    •    S2-25S 

We  subtract  the  weight  of  1  unit- volume  of  oxygen     ,    ,     .     15  "^^^9 

There  will  remain     .    .    ,     16*287 

or  not  far  from  one-half  the  number,  ^2,  which  represents  the  real 
specific  gravity  or  equal  volume  weight  of  Bulphur- vapor.  Conse- 
quently 1  volume  of  e»ulphuroua  acid  gas  contains  htdf  a  volume  of 
sulphur- vapor,  besides  1  volume  of  oxyen*  Or,  multiplyiug  these 
nuiuWr**  by  2,  in  order  to  avoid  a  fractional  vohirae^  it  apptn^rs  that 
the  volumetric  composition  of  sulphurous  acid  is  1  volume  of  sulphur 
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TSpor  Mkd  2  Tol limes  of  oxygen  coodezifif^d  to  2  yoliimes  oi  the  com- 
jioand  gaaL    Or,  expressed  in  the  form  of  &  dingnun : — 


0 
10 

= 

no,     64 

+  ^ 

0 

218.  An  easier  metliod  of  preparing  pore  wilpliurons  acid  is  by 
depriving  common  sulphuric  acid  of  part  of  it^  oxygen.  This  can 
be  effected  by  a  variety  of  reducing  or  deoxidizing  agents.  For 
example,  when  concentrated  sulphuric  acid  is  heated  with  metallic 
copper  or  mercury,  there  are  formed  a  sulphate  of  the  met^,  water, 
and  sulphurous  acid : — 

Cti  +  2H^S0,  =  CuSO^  +  2Hp  +  SO,. 

^fj^  2^ — Into  a  thin-bottomed  glass  Eask  of  half  a  litre  capadty, 
put  l-*  grms.  of  copper  clippings,  or  tuming8|  and  50  p-i-msi.  of  concen- 
Irat4»d  sulphuric  acid.  Attach  to  the  flask  a  deliyciy-tube  and  connect 
this  HI  til  a  series  of  Wonlfe's  bottles,  sach  as  were  employed  in  the 
pn^paralioo  of  chlorhydric  acid  (Exp.  49);  heat  the  ila^  o^er  the 
gas^lamp  until  the  acid  bt-gina  to  react  upon  the  copper,  then  quickly 
withdraw  the  larup  for  a  moment,  lest  the  contenta  of  the  tUi^k  boil 
orver^  and  finally  regulate  the  llame  so  that  a  ateady  ciirrpnt  of  aulphu- 
roQi  add  thall  paee  through  the  water  in  the  Woulfe  bottles.  After 
the  first  tumultuous  evolution  of  gaa  has  subsided,  the  llask  can  be 
slowly  heated  without  further  tumble.  The  current  of  gaa  should  be 
kept  up  until  the  water  of  the  hrat  bottle  has  become  Aaturated|  or,  at 
the  leaatf  highly  charged  with  the  gaa. 

Sulphuroua  acid  is  freely  soluble  in  water,  which,  at  15**,  takes  up 

aethittg  like  44  times  ita  bu^k  of  the  gaa ;  hence  the  solution  obtained 
I  above  may  be  used  as  a  convenient  vehicle  for  sulphurous  acid.  On 
account  of  this  easy  solubility,  the  gaa  cannot  be  coUected  over  water; 
but  it  can  be  collected  over  mercuiy,  or  by  displacement.  Since  the 
gas  is  more  than  twice  a^  heavy  as  air^  the  methml  by  displacement  is 
to  be  recomroended,  if  an  efficient  ventilating  flue  h  at  command  to 
cany  ofi  that  portion  of  the  suAocating  gas  which  must  escape. 

MtTcury  is,  in  some  respects,  better  than  copper  for  use  in  this  ex- 
periment It  ai!ords  a  much  more  regular  evolution  of  gas,  and  the 
tion  requires  less  care ;  but  copper  is  usually  employed  on  account 

riia  comparatively  low  eost* 
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rnstead  of  copper  or  mercuryr  a?  in  the  foregoing  experiment,  other 
reducing  Hg'mt^,  such  as  sulphur  or  charcoal*  may  he  employed.  If  1 
part  oi"  powdered  sulphur  be  hoiled  \vith  12  parts  of  strong  sulphuric 
acid,  sulphurous  acid  is  aet  free,  as  exhihited  by  the  following  ec^^ua- 
tion; — 

S  +  SHjSO,  =  3SO3  +  2njo. 

The  evolution  of  gas»  in  thia  case*  though  stoady  and  tmifonn,  iB 
comparatively  slow,  as  contrasted  with  that  of  the  experimeot  in  which 
copper  ifl  eoiployed  j  hence  the  process  is  usually  less  con?enient  than 
that  wirh  copper, 

1£  bits  of  charcoal  or  dry  aawduat  are  heated  with  sulphuric  acid,  a 
copious  evolution  of  sulphurous  acid  occurs,  though  tho  gas  is  not,  in 
this  case,  pure,  being  mixed  with  half  a  volume  of  rarbonic  acid. 
C  +  21L80,  ^  2SOj  +  CO3  +  211,0. 

For  many  piirptipes^  &3  in  the  preparation  of  the  aqueous  solution  of 
Bxilphurout^  aeid^  this  method  with  charcoal  ia  to  be  preferred,  on  the 
ground  of  economy  and  convenience  of  application.  In  the  laboratory 
it  Lh  perhaps  more  frequently  employed  than  either  of  the  others. 

HulpburouB  acid  may  also  be  rtmdily  prepared  by  heating  in  an  ig- 
nition* lube  a  mixture  of  4  parts  of  sutphur  and  5 a  parts  of  black  oxide 
of  manganese,  both  in  tine  powder,  and  intimately  mixed.  A  mixture 
otli  parts  of  black  oxide  of  copper  with  1  part  of  sulphur  answers  the 
same  purpose : — 

2S  ^  MnO,  ^  SO^  +  MnS. 
3S  +  2CuO  ;=  SOj  -h  2CuS. 

In  both  these  cases,  metallic  sulphides  are  left  as  a  residuum  in  the 
ignition-tube;  but  if  the  sulphur  and  black  oxide  of  manganes*^  be  mixed 
in  the  proportion  of  1  part  sulphur  t#  5§  part.^  of  the  oxide,  no  sulphide, 
but  only  protoxide,  of  manganese  will  be  form^^d. 

S  -f  2MnOs  =  SOj  -h  2MnO. 
219.  A  a  has  been  already  statcNi,  sulphurous  acid  gas  is  trans- 
parent and  colorless.  It  is  irrcspirablo  and  suffocating,  and  wheu 
mixed  with  air,  even  in  small  proportion,  occasions  violent  oough- 
ing.  It  is  not  intlanimable,  but,  on  the  contrary,  it  stops  oom- 
bastion. 

The  flame  of  a  taper  is  immediately  extinguished  on  being  imnieriod 
in  sulphurous  acid  gan,  just  as  it  is  by  nitrogen.  A  uscr'ful  application 
ol  this  property  of  the  giia  is  in  extingiiif*hmg  burning  ehimntjys,  A 
handful  of  tragments  of  :^iilphur  being  thrown  upon  the  hot  coals  in 
the  grate,  and  the  openings  of  the  tire-place  being  closed  in  such  a 
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manner  that  no  air  aball  enter  the  chimney,  exceptinir  that  whirh  passea 
thn>iigh  the  tire,  tho  chimney  will  quickly  become  filltMi  with  an  atmo- 
apheie  of  sulphurous  acid  mixed  with  nitrogen  from  the  air  employed 
in  burning  the  sulphur,  and  the  burning  soot  upon  the  walls  of  the 
chimney  will  be  immediately  extin^iished* 

It  ia,  of  cour»e,  eaaential  that  the  chimney  should  then  be  closed  at 
the  top,  £0  that  air  may  be  excluded  and  the  chimney  kept  ftdl  of  the 
fire-extingnjshing  atmosphere  until  its  wall^  shall  have  cooled  to  below 
th«?  kindling  temperature  of  the  soot. 

The  oxygen  contained  in  the  eulphurous  acid  gas  is  ao  firmly 
held  that  combustibles  are  powerless  to  take  it  away  uuder  ordi- 
nary circum stance*,  though  at  high  tempeniturea  this  oxygen  can 
be  removed  by  means  of  hydrogen,  carbon,  and  easily  oxidijsable 
metala  like  potassium. 

When  hydrrjgen  and  sulphurous  acid  gas  are  passed  together 
through  a  red-hot  tube,  water  is  formed  and  sulphur  deposited, 

4H  +  BO,  =  2H^0  H-  8, 
and  when  snlphurous  acid  ia  passed  through  a  tube  containing 
ignited  charcoal,  carbonic  acid  is  produced  and  sulphur  deposited, 
as  before. 

C  +  80,  ^  CO,  +  8, 

In  case  nascent  hydrogen  come  in  contact  with  snlphurons  add, 
wUl  decompose  it  at  the  ordinary'  temperature,  though  in  a 
[inner  somewhat  different  from  the  foregoing.  The  sulphur,  as 
well  as  the  oxygen,  will,  in  this  case,  combine  with  bydrogon, 
and  there  will  be  formed  sulphydric  acid  as  well  as  water* 

6H  +  SO,  =  2H,0  -f-  H^8, 

This  Inaction  may  be  made  visible  by  putting  a  few  drops  of  a  solu- 
tion of  sulphurous  acid  (Exp.  9B)  into  a  gas-bottle  fj^ira  which  hydro- 
gen is  being  evoked  (Exp.  10),  and  testing  the  hydiOLreu  with  a  nt rip 
of  moiisteDed  If'nd-pnper  (Exp.  90)  both  before  and  after  the  addition 
of  the  snlphurouK  acid, 

220.  Sulphurous  acid  can  readily  be  condensed  to  the  liquid 
slate.  It  is,  in  fact,  one  of  the  most  easily  liquefiable  of  the 
gmies.  By  mere  cooling  to  —10°,  under  the  ordinary  pressure 
of  the  air,  it  k  converted  into  a  colorless,  transparent,  limpid 
liquid. 

In  preparing  ^uall  quantities  of  the  liquid|  it  iji  stifRcient  to  lead  the 
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gtuSf  prepared  &om  copper  and  sulphuric  acid,  aod  dried  by  passing  H 
tbrouirh  ?«iilphiiric  acid  or  over  chloride  of  calcium,  int^i  a  IMube  wliich 
is  immerat'd  in  a  freezing  mixture  of  ice  and  salt  (2  parts  of  pounded 
ice  aud  1  part  salt). 

Liquid  sulphurous  acid  is  a  rather  heavy  liquid,  of  1*4911 
Bpecitic  gravity,  boiling  at  about  ^1(P  and  solidifying  at  — 76% 
to  a  colorless  crystalline  solid.  On  being  exposed  to  the  air  at 
ordinary  temperatures,  the  liquid  acid  evaporates  witJi  great 
rapidity,  and  consequently  occaaiona  very  intense  oold.  Bj 
means  of  it,  mercury  may  be  frozen,  and  cklorine  and  ammonia- 
gas  liquefied. 

Ij'  a  quantity  of  the  liquid  acid  be  pourt^d  into  water,  the  tempera- 
ture of  which  is  a  few  degrees  above  (>■',  a  portion  of  the  acid  ^viLI  eva- 
porate at  once,  another  portion  wiD  dissolve  in  the  water,  and  a  third 
portion  of  the  heai-y  oily  liquid  will  sink  to  the  bottom  of  the  vesaeL 
If  the  portion,  which  him  thus  subsided,  be  stirred  with  a  glass  rod,  it 
will  boil  at  ouee,  and  the  temperature  of  the  water  will  be  so  much 
reduced  that  u  portion,  or  even  the  whole,  of  the  water  will  be  froieiL 

221.  The  speciflb  gravity  of  the  gas,  as  determined  by  different 
observers,  is  321-256,  or  32-443,  or  32-558,  instead  of  32,  a«  would 
be  indicated  by  theory.  This  variation  is  explained  by  the  fact 
that  sulphurous  acid«  liko  aU  the  easily  eondensible  gases,  ceaseB 
to  conform  exactly  to  the  law  of  Mariotte  at  temperatures  near 
to  ita  point  of  condensation.  Under  any  given  proasure,  ita 
volume  decreases  in  somewhat  larger  proportion  than  is  the  case 
with  air  and  the  other  permanent  gases. 

An  important  property  of  sulphurous  acid  is  its  power  of 
bleaching  vegetable  colors.  It  is  extensively  employed  in  bleiioh- 
ing  articles  of  straw,  wool,  silk,  &c.,  which  would  be  injured  by 
chlorine. 

J?-rp.07. — Into  a  bottle  in  which  sulphur  has  been  burned  (E?ep.95) 
pour  11  fow  tea^poonfuls  of  a  solution  of  blue  litmus,  and  shake  th# 
bottle.  The  litnnis  solution  will  first  become  red,  aa  it  would  if  any 
other  acid  thfiu  stulphnroua  were  present,  and  will  then  be  deeolorixed. 

The  same  propt'rty  may  be  illu{*trated  by  holding  a  red  rose  in  the 
fumes  of  huniiufr  sulphur,  or  by  immersing  the  rose  in  an  aqueous  solu- 
tion of  fiulphimnis  pcid  (Ejcp,  96),  and  leaving  it  for  a  few  minutes 
until  it  hm  beconit!  white. 

In  the  same  way  the  stains  of  fruit  or  wine  can  be  remoTed  firom 
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dothiiig.  A  bit  of  sulphur  is  bunied  benentli  a  emiill  open  eon«  of 
pAper^  whicli  serves  aa  n  chimnoy,  and  the  slnin,  having  first  beeu 
ebg-htiy  moistened  with  wnter,  is  held  in  the  fumes  at  thti  top  «»f  IhU 
chimney.  Th<*  cloth  should  tiiiidly  be  carefully  washed  with  water  at 
tlip  place  where  it  haa  bt^fn  exposed  to  the  sulphurous  acid. 

In  thf»  artJSp  the  process  of  bleaching^  is  usually  conducted  in  large 
nWrs,  in  whicji  the  slightly  moistened  articles  are  hung  while 

£lphur  is  hunied  below.  The  damp  goods  absorb  the  sulphurous  sa^id 
mad  gradually  become  whit^.  The  presence  of  water  i»  easeutial; 
perfe<.'tly  dry  sulphurous  add  will  not  bleach. 

222,  The  manner  in  which  sulphurotis  add  acts  as  a  bleach- 
ing agent  is  not  dear.  It  is  remarkable  that,  as  a  general  rule, 
it  doet  not  actually  destroy  the  coloring-matter ;  and  tliat  upon 
many  oolonng-inatters  it  has  little  or  no  action.  Most  of  the 
jeUowF,  and  the  green  coloring- matter  of  leaves,  are  in  this  latter 
category,  and  upon  litmus,  cochineal,  and  log^'ood,  the  acid  does 
not  act  very  readily.  In  the  few  instances  where  it  really  de- 
atroys  the  color,  as  in  the  case  of  the  garden  amaranthus,  it 
uppears  to  act  as  a  deoxidizijig  agent.  But  in  most  cases  it 
appears  to  enter  into  combination  with  the  coloring-n»alt»^i>*  and 
to  form  colorless  compounds.  These  eolorless  com|>ound.s  of  sul- 
phurous acid  and  coloring-matter  can  be  broken  up,  with  restorft- 
tion  of  color,  by  exposing  them  to  the  action  of  vaiious  chemical 
li^nt^  ciipablc  of  expelling  sulphurous  acid. 

Exp,  98. — Bleach  a  rose»  as  in  Exp.  97,  and  immerse  it  in  dilute 
Iphurtc  add.  Then  dry  and  warm  it,  so  that  the  volatile  sulphuroua 
lid  may  be  driven  off.  The  color  of  the  roi*e  will  agdu  appeiu*, 
III  many  ease^  a  solution  of  cftustio  soda  will  restore  the  color  as  well 
•A  failphuric  acid.  A  practiral  i  I  lustration  of  this  action  of  alkaline 
nohittoua  is  seen  in  the  reproduction  of  tho  original  yellow  color  of  the 
wool  when  new  tlotmel  h  wii^^hed  with  an  alkaline  soap. 

KulphuTous  acid  is  a  powerful  diainfecting  and  antiseptic  agent* 
It  retardt^,  to  a  remarkable  extent,  the  processes  of  putrefaction 
and  fermentation,  and  is  largely  employed  for  this  purpose  in 
wine -making  i  hops  and  compressed  vegetables  are  charged  With 
it  to  the  same  end,  and  it  has  been  successfully  employed  for 
preserving  meat  It  haa  often  been  employed  in  medicine,  in 
treatiuent  of  akin  diseases,  aa  a  fumigation. 
,  22:^  Although  aul|)hur  wiU  not  take  up  more  than  two  utumi 
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of  oxygen  wlien  burned  in  the  air,  or  in  oxygen  gas,  it  is  never- 
theless K  matter  of  no  vety  great  difficulty  to  cauae  it  to  take  up 
a  third  atom. 

In  presence  of  water  it  gradually  absorbs  oxygen  from  the  air, 
and  is  converted  into  sulphuric  acid*  Hence  the  aqueous  solu- 
tion of  sulphurous  acid  (Exp.  96)  cannot  be  preserved  for  any 
great  length  of  time,  unless  it  be  kept  in  very  tight  vessels. 

224.  1£  a  mixture  of  aulphuruus  acid  gaa  and  oxygen,  or  air, 
be  brought  in  contact  with  hot  platinum  sponge,  the  sulphurous 
acid  Vill  unite  with  oxygen,  and  sulphuric  acid  will  be  formed ; 
the  aame  union  occurs  when  the  mixed  gases  are  brought  in  con- 
tact with  various  other  substances,  such  as  pumice-stone,  day, 
and  the  oxides  of  chromium,  iron,  and  copper.  Several  attempts 
have  been  made  to  put  these  methods  in  practice  for  manufac- 
turing sulphuric  acid,  but  they  have  been  found  to  be  too  slow, 
and  in  the  case  of  platinum  and  day,  it  baa  been  observed  that 
these  subs  tan  cea  soon  lose  their  power  and  cease  to  couvcrt  the 
mixed  gases  into  sulphuric  acid, 

Bulphurous  add  is,  indeed,  a  deoxidizing  agent  of  very  con- 
siderable power ;  and  is  much  employed  in  the  laboratory  as  a 
rediidng  agent  It  decomposes  iodic  acid  with  separation  of 
iodine,  and  nitric  acid  with  evolution  of  hyponitric  acid,  sulphuric 
add  being  formed  in  both  cases. 

1,0,  -h  oBp  +  580,  -  5(H,0,S0J   -h  21. 
H,0,Np,  +  SO.     =  H,0,SO.        +  2N0^ 

J5«p-  90. — Charjre  a  dry  bottle,  of  the  capacity  of  a  litre  pv,  45, 
or  more,  with  sulphurous  Hcid  giLs,  by  barriing  in  it  a  bit  of 
sulp]mr,  aa  shown  in  Fi>^.  4/i,  Fasten  a  shading,  or,  better, 
a  tuft  of  gun-cotton,  upon  a  glass  rod  or  tube  bent  at  one 
end  in  the  form  of  a  hook ;  wet  the  8hft\4ng  in  courcntrnted 
nitric  acid,  and  hang  it  in  the  bottle  of  sulphurous  acid. 
Ked  funie^  of  hyponitric  acid  will  iinniediatdy  form  about 
the  nitric  lu^id,  and  will  gnidually  fill  the  bottle. 

In  presence  of  a  mixture  of  water  and  chlorine,  sulphurous 
acid  tukes  up  au  atom  of  oxygen  from  the  water,  while  the 
rogen  of  the  water  unites  with  chlorine. 

SO,  +  2H^0  -f  2C1  ^  H.O,SO,  ^  SHCL 
A  similar  reaction  occurs  between  iodine  and  sulphurous  acid,  if 


Fsn 


STTLPHma* 


183 


sue 


larjre  amount  of  water  he  present  *  in  Rpite  of  the  fact, 
vaAj  merit ioncd»  §  140,  tbat  iodohvdrle  acid  is  roadilj-  decom- 
posed bv  concentrati?d  solphiiric  acid  with  liberation  of  iodine, 
sulphurous  acid,  and  water. 

225.  Sulphuroufi  acid,  though  a  weak  acid,  forms  numerous 
ell -defined  salts  by  uniting  with  metallic  oxides.     These  salta^ 

k'd  sulphites,  are  of  two  classes^ — simple  or  normal  sulphites, 
such  as  the  sulphite  of  potassium  Kj^SO^  (or»  dualistic,  Kj^O,SOj), 
and  double  or  acid  sulphites,  such  as  the  acid  sulphite  of  nptas- 
wura  KHSO,  (or,  dualistic,  KHO^SOJ.  All  these  salts  are  de- 
composed by  strong  acids,  such  as  chlorhydric,  nitric,  or  sul- 
phoric^  stilphurous  acid  being  expelled  ;  but  they  are  not  deeom- 
po9ed  by  carbonic  aoid.  On  the  contrary,  the  salts  of  carbonic 
acid  are  decomjKised  by  sulphurous  acid ;  and  hence  it  happens 
that  the  impure  sulphurous  acid  ^as  obtained  by  heating  a  mix- 
ture of  charcoal  and  sulphuric  acid  can  be  used  for  preparing  the 
lolphites.  If,  for  example,  this  gas  be  conducted  into  an  aqueous 
►lution  of  carbonate  of  sodium,  there  wilt  bo  obtained  a  solution 
of  sulphite  of  sodium,  and  carbonic  acid  will  be  set  free, 

226.  Besides  the  solution  of  sulphurous  acid,  such  as  was  pre- 
pared in  Exp.  96,  there  is  a  definite  crystalline  compound  of 
water  and  the  arid,  which  can  be  obtained  by  passing  a  current 
of  sulphurous  acid  gas  into  ice- water.  This  compound  is  reiy 
unstable,  and  is  <lestroyed  at  temperatures  but  little  above  0^ ; 
but  by  colle<5ting  it  upon  a  cooled  filter  and  then  pressing  the 
crystals  repeatedly  between  folds  of  cold  blotting-paper,  it  has 

found  possible  to  remoTo  most  of  the  mother- liquor  which 
teres  to  them  at  first,  and  to  obtain  tbe  compound  in  a  condi- 
tion of  tolerable  purity.  Tbe  Dompositioa  of  the  crystals  appears 
to  be  S0,+15H,0. 

227.  Snlphttrie  Amd, — The  term  suJphuno  acid  is  applied 
scjmewhat  indiscriminately  to  three  or  more  distinct  substanct. — 
namely,  to  a  compound  of  one  atom  of  sulphur  and  three  atoms 
of  oxygen,  80^ ,  wliich  we  shall  call  anhydrous  sulphuric  acid, 
and  to  certain  compounds  of  sulphur,  oxygen,  and  hydrogen, 
which  have  been  usually  regarded  as  comjjounds  of  the  an- 
hydrous sulpburio  acid,  just  mentioned,  end  water.  Of  thrsa 
by  Amies  the  moe*t  important  are  those  ot  the  composition  H^rsO^ 
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(dualistic,  H3O,  SOJ   [oil    of  vitriol],   and  H.,S^O,    (dualisti©, 

H^Oji^SOj)  [NordhanAcn  or  faming  siilphuric  acid  J.  Tho  body, 
who&e  formula  i&  H^SO^,  is  one  of  the  most  import^int  of  che- 
mical substances,  and  i&  usually  the  thing  meant  when  sulphuric 
acid  is  spoken  of.  We  will  therefore  proceed  to  study  it«  pro- 
perties before  touching  upon  those  of  the  other  substaaoes  above- 
mentioned. 

Bulphuric  acid  is  one  of  the  most  important  productB  of  che- 
mical manufaeturc,  and  is  made  in  enormous  quantities.  In  the 
eame  way  that  the  metal  iron  may  be  said  to  be  the  basis  of  jiU 
mechanical  industries,  sulphuric  acid  lies  at  the  foundation  of  the 
chemical  arta.  By  me^ms  of  sulpliurie  acid,  the  chemist  either 
directly  or  indirectly  prepares  almost  everj'thing  with  which  he 
has  commonly  to  deal. 

Bulphuric  acid  mi^bt  be  prepared  by  passing:  sulphurous  acid 
gas  into  boilini^  nitnc  acid,  until  all  of  the  latter  had  been  re- 
duced, and  finally  distilling  off  the  last  traces  of  the  lower  oxides 
of  nitrogen  which  would  be  formed.  Even  if  sulphur  itself  wore 
boiled  in  concentrated  tiitric  acid,  it  would  grddually  be  oxidized 
and  converted  into  sulphuric  acid.  But  tj cither  of  these  pro- 
cesses w*ouid  l>e  economical.  It  can  be  ver)'  cheaply  prepared, 
however,  by  the  action  of  either  of  the  high  oxides  of  mtrogCB, 
nitrous,  hyponitric,  or  nitric  acids,  upon  sulpbtirous  acid,  in  pre- 
sence of  air  and  moisture;  and  tliis  method  is  the  one  actually 
followed  in  the  preparation  of  sulphuric  acid  on  the  large  scale. 
A  mixture  of  the  gases  above  mentioned  is  effected  in  cnomiout 
chambers  constructed  of  sheet  lead,  a  metal  upon  which  cold  sul- 
phuric acid  has  little  or  no  action* 

228.  The  essential  points  of  the  process  are,  firstt  that  SO^, 
when  in  presence  of  much  moisture,  can  take  oxygen  from  either 
NjOj,,  NO^,  or  NjjO^,  and  reduce  them  to  nitric  oxide,  NO,  while  j 
is  itself  converted  into  sulphuric  acid,  and,  secondly,  that  NO  1 
take  oxygen  from  the  air  and  become  NO,. 

In  practice,  the  sulphurous  acid  is  obtained  by  burning  crud 
sulphur,  or  more  commonly  a  compound  of  sidphur  and  injn,  kno^ 
&B  rron-pyrit#*^,  FeS^;  the  gas.  tngclher  witb  a  lurge  excesw  of  atmo- 
spheric air.  is  then  conducted  into  the  fir^t  of  a  series  of  leaden  chimi- 
befi  into  which  steam  u  admitted.    Nitrous  fumes  are  supplied  eithar 
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bj  AUowiDg  nitric  acid  to  fall  in  fine  str^mn  tbrough  the  incoming 
current  of  eulphurous  acid  and  air,  or  from  the  decomposition  of  a 
mijiiiire  of  salt,  nitrate  of  eodium,  and  sulphunc  acidf  as  described  in 
f  105,  or  by  luxating  a  vessel  charged  with  nitrate  of  sodium  and  sul- 
phuric  ai'id,  by  means  of  the  bximing  sulphur. 

Ill  conloniiity  with  the  principles  above  stated,  the  »ulphim>tt8  acid, 
ai  »ooa  as  it  comes  in  contact  with  the  ateam,  reacts  upon  the  nitrous 
furaca :  there  is  formed  nitric  oxide  gaa  and  hydrated  ("ialphuriG  acid, 
which  fallfi  to  the  door.  But^  ais  there  is  present  in  the  chamber  an 
excms  of  air^  the  nitric  oxide  immediately  unitea  with  a  portion  of  the 
oxygen  therein  contained,  and  is  converted  into  hyponitxic  acid, 
Thi,**  hyponitric  acid  immediately  react*  upon  a  new  portion  of  sulphu- 
rous a*ud,  and  the  process  thui  goes  on  through  a  whole  aeriee  of  leaden 
chambers,  the  very  amaJl  portion  of  nitric  acid  at  first  taken  being  suth- 
dent  to  prepare  a  large  quantity  of  sulphuric  acid.  In  reality,  tlie 
oxygen  employed  in  converting^  the  sulphurous  into  sulphuric  acid,  all 
comes  from  the  air,  excepting-  a  ver)'  little  at  first ;  the  nitrous  fumea 

ve  only  as  a  conveyer  of  oxygen.  The  nitric  oxide  takes  oxygen 
I  the  air  and  transfers  it  to  the  sulphuroua  acid,  which,  as  haa  been 
atfttasd  in  J  22*1,  is,  by  itself  and  unaided,  incapable  of  combining  with 
oxygen.  It  will,  of  course,  be  understood  that,  although  we  trace  out 
ihe^e  reactions  aa  if  they  were  conaecutive,  they  are  really,  ao  far  aa  we 
know,  ^muttaneoua. 

Theoreticjdly,  a  single  portion  of  hyponitric  acid  would  be  suflicient 
to  ^'iTect  the  conversion  of  an  unlimited  amount  of  sulphurous  into  sul- 
phuric acid ;  but  practically  thi«  power  is  qualified  by  a  variety  of  cir- 
iiatiuices-     Jt  is  found  to  be  impossible,  for  example,  to  mix  new 

rtions  of  air  with  the  mixture  of  eulpburous  acid  and  nitric  oxide 
for  an  indefinite  period ;  for  at  a  certain  point  these  gaaea  become  so 
loadml  dowu  with  nitrogen  derived  from  the  air  already  eonaumed,  that 
they  are  as  good  as  lost  in  it.  In  general  the  flow  of  ga^s  is  00  regu-- 
i^ted  that  all  the  sulphurous  acid  shall  be  oxidized^  and  that  nothing 
Hi  nitric  oxide  and  waste  nitrogen  shall  pnas  out  of  the  last  leaden 
ehamber. 

221).  The  process  of  manufacturing  stUphuric  acid  can  readily 
be  illustrut€'d  upon  the  small  scale. 

A  large  glass  balloon,  or  receiver,  of  the  capacity  of  several  litres^ 

placed  in  a  vertical  position,  is  closed  with  a  cork  pierced  with  five 

oles,  through  four  of  which  are  passed  small  gla^s  tubes.  All  of  these 

tube*  reach  nearly  to  the  bottom  of  the  balloon,  and  are  bent  at 

^Aright  angle  above  the  cork;  one  of  the  tubes  is  connected  at  the  top 

with  tt  fia^k  containing  copper-tuminga  and  sulphuric  acid^  for  the 
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greneration  of  sulpluiroufl  ttcid  (sm  Exu.  WK  another  -mth  a  fl«<*k 
con  tain  iti  f^  eopp«^r-tiiniinga  nnd  titrnis'bed  with  a  thistle-tube^  through^ 
which  nitric  acid  cao  be  poured,  for  the  generation  of  nitric  oxuIq  (» 
Exp.  37),  and  the  third  with  a  flask  containing  wat^r  for  the  evolution 
of  8t<?ara  ;  the  fourth  tub«  and  the  lifth  hole  are  both  left  open. 

Everything  heinnr  in  readinesa,  nitric  oxide  is  gen^rat^^d  in  the  small 
fiask  fitted  for  this  purpose ;  a?  the  «?afl  passes  over  into  the  lar^^e  b«l- 
loon  it  unites  with  oxygen  from  the  air,  and  red  fumes  of  hyponitnc 
acid  are  formed.  Sulphurous  acid  ia  now  made  to  pa^s  into  the  bal- 
loon ;  this  will  have  no  action  upon  the  red  fumes,  so  lonpf  as  there 
18  no  water  present,  but  the  moment  steam  is  thrown  in  from  the  third 
email  flask^  a  reaction  occurs,  the  hyponitric  acid  is  reduced,  and  the 
eidphurous  acid  oxidized.  Ey  moans  of  bt^llowa,  air  must,  from  tinit* 
to  time»  be  blown  into  the  balloon,  throui^rh  tht>  fourth  glass  tube,  tlio 
wast**  nitro^^en  passing-off  through  the  fifth  hole  in  tlie  cork. 

If  but  littlo  steam  be  employed  in  this  experiment^  a  aolirl  compound, 
formed  by  the  union  of  nitrous  and  auhydrous  sulphuric  acids,  isrnhlf? 
to  b-e  deposited  upon  t!it*  walls  of  the  IwiJloon  ;  the  appearance  of  this 
body  always  indicates  that  the  supply  of  steam  is  insulfieieul ;  it  is 
never  formed  when  the  proper  proportion  of  moisture  is  present. 

230.  The  sulphuric  acid  which  collects  at  the  bottom  of  the 
leaden  chambers  is  necessarily  dilute,  because  of  the  large  amount 
of  water  which  must  be  presont,  in  order  that  the  reactions  above 
described  may  freely  occur ;  moreover  it  would  not  be  advan- 
tageous to  allow  an  acid  more  eoncentratod  than  that  of  specific 
gravity  1*4  to  form  in  the  chambers,  since  a  stronger  acid  would 
absorb  and  retain  a  eonsiderablo  quantity  of  nitric  oxide.  To 
make  it  fit  for  the  puqiose^  for  which  sulphuric  acid  hi  usually 
employed,  the  dilute  add  of  the  chambers  must  be  concentrated 
by  expubioE  of  the  water ;  to  thia  end,  it  ia  run  off  into  shallow 
leaden  pans,  and  there  evaporated  until  it  is  of  specific  gravity 
1'71  to  1*75.  The  concentration  cannot  safely  be  can-ied  beyond 
this  point  in  ordinary  leaden  vesaolsj  since  the  strong,  hot  acid 
begins  to  att^ick  the  metal,  and  the  temperature  at  which  the 
liquid  boils  is  so  high  as  to  approach  the  melting-i)oint  of  lead- 
This  acid  of  1-72  specific  gravity  is  somewhat  extensively  em- 
ployed, for  a  variety  of  purposes,  at  the  factories  where  it  hntk 
been  prepared,  but  is  atiU  too  dilute  for  transportation.  It  ia 
therefore  transferred  from  the  leaden  pans  to  large  glass  retort* 
set  m  deep  sand  baths,  or  to  piaiinum  stills,  and  there  evaporated 
further,  until  it  is  nearly  of  the  composition  H,SO^, 
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^^^^^TM*  The  acid  thus  boiled  down  is  the  concentrated  sulphimc 
^^  aeid,  or  oil  of  vitriol^  of  conmiercc  ;  its  specific  gravity  is  usuiilly 
P  about  1-83,  l^at  of  the  absolutdj  pure  add  bciDg  1*842.   Besides 

this  slight  excess  of  water,  it  contains  also,  in  solution,  a  certain 
quantity  of  sulphate  of  lead,  and  a  variety  of  other  impurities. 
For  most  purpases,  however,  it  will  answer  as  well  as  tho  ^ure 
acid.  Like  the  latter,  it  is  a  heavy^  oily,  colorless,  and  odorless 
liquid,  boiling  at  about  330^^. 

Since  a  comparatively  small  amount  of  h»'at  is  absorbed  in  the  con- 
version of  the  liquid  acid  to  the  conditio o  of  gas,  its  vapor  c&a  be  very 
easily  condeosed ;  lu  distilling  the  acid,  the  receiver  need  not  even  be 
placed  in  cold  water. 

From  the  same  cause,  combined  with  the  great  weight  of  the  liquid, 
the  acid  is  liable  to  boU  tumultuoiHljt*,  the  act  of  ebullitioti  bt?itig 
irreguhir  and  attended  with  violent  blows  or  gbocks.  The  bubbles  of 
vapoir  formed  at  the  bottom  of  the  retort  condi>DJ*e  almost  as  soon  as 
they  are  formed,  and  the  heavy  liquid  above  suddenly  lalla  back  to  till 
the  vacuum* 

In  djatilling  the  concentrated  add,  it  is  therefore  best  to  heat  only 
the  upper  portions  of  the  liquid  in  the  rt*tort;  this  can  be  e fleeted 
either  by  placing  the  retort  upon  a  wire-grate  so  perforated  that  about 
half  the  body  of  the  retort  can  be  sunk  below  the  level  of  the  burning 
chanvial  upon  the  grate,  or  by  placing  a  layer  of  a^hes,  or  of  some 
other  bad  conductor  of  heat,  beneath  the  very  bottom  of  the  retort, 
then  piling  sand  around  the  sides  of  the  retort  outside  of  the  ashes, 
and  applying  heat  beneath  the  iron  pan  upon  which  the  whole  is  sup- 
ported. 

232.  The  common  acid  usually  freezes  at  about  —34**;  but  it 
has  been  found  possible  to  lower  the  freezing-point  to  —  80°,  by 
tig  a  small  quantity  of  water  to  the  commercial  acid.  When 
aee  frozen,  it  remains  solid  until  the  temperature  ri^es  to  about 
the  freezing-point  of  water.  CrystuJs  of  the  pure  acid  melt  at 
about  10°,  At  the  ordinary  temperature,  sulphuric  acid  does  not 
Tuporixe,  but,  on  the  contrary,  greedily  absorbs  water  from  the 
air  and  bo  inrreases  in  bulk.  In  moist  weather,  its  bulk  may 
increase  to  the  extent  of  a  quarter  or  more,  in  the  course  of  a 
single  day,  and,  by  longer  exposure,  a  still  larger  quantity  of  water 
will  he  t.iken  up ;  the  acid  must  always  be  kept,  therefore,  in 
l^htly  stopjx'rod  bottles. 
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Ejtp.  100,— Into  a  shallow  dish  of  about  200  c,  c,  capacity,  poor 
about  7o  c.  e.  of  concentrated  sulphuric  lUiid ;  place  tkia  dish  of  acid 
upon  one  pan  of  a  balance,  and  upon  the  other  pan  put  enough  small 
shot,  or  clean,  dr^^  sand,  to  exactly  balance  the  acid.  I'rti^erve  the  ma- 
terial of  the  counterpoise^  and  place  the  dish  uf  a*'id  iinco\  ered  in  the 
opi-n  air;  frmn  diiv  to  day  replace  it  upon  the  baliuice,  to^^t^ther  with 
the  connterpoiae,  and  note  the  number  of  grammes  or  fractiona  of  a 
gramme  that  it  has  increased  in  weight. 

If  the  acid  were  allowed  to  stand  for  a  week  or  two  in  a  damp  place, 
it  might  become  two  or  three  times  as  heavy  as  it  was  at  first*  From 
it«  power  of  absorbing  aqueous  vapor,  aulph  uric  acid  is  often  employ «3d 
for  drying  gases.  (See  Appendix,  5  1^0 

283,  With  liquid  water  sulphuric  acid  unites  with  great  energy, 
much  beat  being  evolved  at  the  moment  of  combination  ;  during 
the  union  a  certain  amount  of  condensation  occurs,  the  mixture, 
when  cold,  occupying^  less  space  than  waa  previously  tK-cupied  by 
the  acid  and  the  water.  The  water  and  acid  may  be  mixed  in 
all  proportions,  being  mutnally  soluble  one  in  the  other. 

In  mixing  water  and  sulphuric  acid,  the  acid  should  alw«v»  be 
poured  intn  the  water,  in  a  fine  stream*  not  the  water  into  the  acid,^ — 
the  water  being  meanwhile  istirred.  In  this  way  the  heavy  acid  haa 
an  opportunity  to  mix  with  the  water  as  it  sinks  down  through  it 

If,  by  any  accident,  water  wt-re  to  fall  upon  sulphuric  acid,  it  would 
ilottt  on  top  uf  it,  and  great  hent  wuuld  be  developed  at  the  point  of 
contact  of  the  tvi^o  liquids ;  if  the  quimtities  of  aeitl  and  water  wejo 
large,  sudden  bursts  of  steam  would  he  occasioned  aud  serious  damitge 
might  arise  from  the  scattering  about  of  portions  of  the  acid. 

In  mixiisg  water  and  commercial  sulphiu-ic  acid  as  in  the  folh:jwing 
expHrimont,  it  will  he  observed  that  the  fwjlutiun  becomes  cloudy,  and 
that  a  white  powder  is  gradually  deposited  from  it.  This  precipitiite 
is  sulphate  of  lead,  originally  derived  from  the  leaden  pans  in  which 
the  acid  was  concentrated  \  it  is  soluble  in  eon  cent  rat  tnl,  but  insoluble 
in  dilute  sulphuric  acid,  and  is  consequently  thrown  down  when  wat^jr 
is  juhled  to  th(*  c"t>mniercial  acid, 

Exp,  lOl.^riace  in  a  be^dcer  gla«>  of  about  250  c.  c^  capacity*  30 
C  e.  of  water ;  in  accordance  with  the  directions  above  gf  ven,  pour 
into  the  water  120  gims.  of  concent mted  sulphuric  acid,  and  e.tir  th« 
mixture  with  a  nsrrow  test-tube  containing  a  teaspoonful  of  water. 
So  naich  heat  will  be  evnlved  during  the  union  of  the  water  and  tho 
ftt^tid  th»t  tlie  water  in  the  test-tube  will  boil, 

234*  K  aulphuric  add  be  mixed  with  ice  or  snow,  the  latter 
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wiD  be  immediately  liquefied.  K  the  proportion  of  ice  in  the 
mixture  be  amall,  as  compared  with  that  of  the  aulphuric  acid, 
heat  win  be  evolved  much  as  is  the  case  with  lirjiiid  water,  tliough 
to  a  les«  extent.  But  when  a  large  proportion  of  ice  ie  mixed 
with  a  comparatively  small  quantity  of  the  acid,  no  heat  will  be 
pereeired,  but^  on  the  contrary,  intense  cold. 

Exp,  W2. — Place  id  a  beaker  gla^s  of  about  half  a  litre  capacity 
120  gnus,  of  snow,  or  finely  poimded  ice ;  pour  upon  it  30  grma,  of 
coQcentrated  sulphuric  acid,  aad  dtir  the  mixture  with  a  te$t-tubf>  con- 
taining a  amaU  quantity  of  water.  The  water  in  the  tube  will  be 
fpoxen. 

J^fp,  103. — Repeat  the  forej2v»inp  experiment,  using  30  grma.  of 
Bnow  or  ice  and  120  grnii*,  of  sulphuric  acid,  A  very  considerable 
rolution  of  heat  ^ill  occur,  aa  may  be  seen  more  clearly  by  immersing 
I  ihenuometer  in  the  liquid. 

The  result  of  Exp.  102  seems,  at  fet  sight,  inconsistent  with 
the  general  fact  that  heat  is  always  aet  free  duiing  chemical  com- 
bination ;  for  though  chemical  uniou  between  the  acid  and  water 
has  evidently  occurred*  no  heat,  but  cold,  is  manifested.  The 
anomidy  is  only  a  seeming  one ;  a  certain  amount  of  heat  i$  re- 
quired, in  oi-der  that  the  cahesive  force,  by  which  the  piirtieles  of 
the  ice  are  held  together,  shall  be  overcome ;  hence  the  heat  which 
ifl  really  produced  by  tho  chemical  combination  is  all  absorbed, 
together  mth  much  more,  taken  from  the  materials  and  the  vessel 
which  contained  them,  during  the  liquefacLiun  of  the  ice. 

235.  Beaidea  the  indefinite  mixture  or  solution  abore  men- 
tioned, several  crystalline  compounds  of  anhydrous  sulphuric  acid 
and  the  elements  of  water,  of  tixed  compositioQ  and  characten&tio 
form,  can  be  prepared. 

If  the  commercial  acid  be  diluted  with  water  until  its  speciBo 
gravity  is  reduced  to  1-78,  and  the  liquid  be  then  cooled  strongly, 
a  substance  of  composition  H^SO,  (dualistic,  2Jlfij^Q^  wiU  crya- 
talliie  out  in  the  form  of  large  rhombic  prisms.  These  crystals 
are  of  ap,  gr.  l-78o  ;  they  melt  and  soHdify  at  about  8°. 

A  second  hydrate,  of  composition  3HjO,S03,  can  be  obtained 
by  evap<irating  a  dilute  acid  in  a  vacuum  at  the  temperature  of 
100°,  until  it  ceases  to  lose  weight ;  and  another  of  comjxisition 
H,0^80^,  will  be  described  below  when  we  come  to  speak  of 
fuming  sulpbunu  actd. 
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23fl.  Sxilpburio  acid  is  one  of  the  most  powerful  acids  known* 
If  oue  drop  of  it  be  diluted  with  a  thoasand  times  as  much  water, 
it  m  still  capable  of  reddening  blue  litmus.  It  expcb  most  of  the 
utlier  acids  from  their  compounds,  in  the  same  way  that  we  have 
seen  it  expel  nitnc  acid  from  nitrate  of  sodium  in  Exp.  32.  At 
very  low  tempi^ratnres,  however,  as  at  —80"^,  it  loses  its  power  of 
reddeniog  litmus,  and  has  no  action  upon  the  carbonates,  though 
it  acta  violently  upon  the^e  salts  at  the  ordinary  temperature. 

It  ia  intensely  caustic  and  corrosive,  and  quickly  chars  and 
destroys  moat  vegetable  and  animal  substances, 

ErfK  104. — Into  a  teat^glaas  pour  a  tablespoonful  of  sulphuric  acid 
■ad  immerse  in  it  a  splinter  of  wood-  The  wood  will  blAcken  a^  if 
charred  by  tire,  and  the  acid  will  become  dark-colored.  Wot^i  is  com- 
po«*Mi  of  carbon,  hydrogen,  and  oxyp:en;  and  since  sulphuric  acid 
unites  with  compounds  of  hydrogen  and  oxygen^  rather  than  with 
carbon^  n  portion  of  the  latter  Js  left  free :  some  carbonaceous  matter 
is,  however,  dissolved  by  the  acid  and  darkens  it  The  acid  of  com- 
merce is  often  dark-colored,  from  fra^^iients  of  ^traw  or  other  organic 
matter  having  nccidentally  fallen  into  it  Sulphuric  acid  which  haa 
been  colored  by  organic  matter  may  be  rendered  colorless  by  strongly 
heating  it  till  it  becomes  fully  concentrated. 

The  action  of  the  acid  upon  organic  matter  is  more  rapid  when  moist- 
ure is  present  Thus,  if  a  few  drops  of  oil  of  vitriol  be  poured  upon 
dry  paper,  dec  onipusi  lion  will  take  place  only  slowly;  but  if  a  little 
water  be  added  to  the  acid,  heat  will  be  developed  by  the  chemical 
union,  and  the  paper  will  be  at  once  decomposed  by  the  hot  acid 

237.  When  heated  ^nth  charcoal  or  with  any  organic  matter, 
BUlphunc  acid  givea  up  oxygen,  as  has  been  shown  in  Erp.  96, 
and  is  itself  reduced  to  sulphurous  acid ;  by  sulphur,  also,  and 
by  several  of  the  metals,  such  as  copper  and  mercury,  it  is  re- 
duced in  a  similar  way.  (See  Exp*  \)(i,)  Towards  aome  metals, 
such  as  zinc  for  example,  its  behavior  is  various,  according  as  it 
18  concentrated  or  dilute.  If  sine  be  treated  with  cold,  dilute 
sulphuric  acid,  the  xinc  simply  replaces  the  hydrogen  of  the  acid, 
sulphate  of  Kinc  is  ^rmed,  and  hydrogen  is  set  free, 

Zn  +  H,SO,  ^  ZnRO^  +  2H. 

But  if  nine  be  heated  with  oonoentrated  sulphuric  acid,  a  portion 
of  the  latter  is  reduced,  as  it  would  be  in  presence  of  copper  or 
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nercory,  sulphurous  acid  is  evolyed,  as  well  as  hydrogen,  and 
se  gnse$»  reacting  upon  each  other,  produce  suljihydric  acid  and 
'  sulphur,  in  act-ordance  with  the  ftjUo^dng  formulae : — 
80,  +   OH   =  H,S  +  2H,0, 
80^   4-  4H  =  S        4-  ^Hp. 
As  B  gtjnerol  rule,  concentrated  sulphuric  acid  acts  but  feebly 
upon  the  metals  in  the  cold,  though,  when  boiled  upon  thenij  it 
often  behaves  as  an  oxidizing  agent. 

238.  A\  ith  the  oxides  of  the  metals,  sulphuric  acid  unites 
directi}'  to  fonn  the  very  important  salts  called  sulphates,  water 
being  simultaneously  eliminated.  Oil  of  vitnol,  H^SO^,  may,  in 
fact^  be  itself  regarded  as  a  salt,  in  the  composition  of  which,  hy- 
dr<jgeu  tUls  the  same  place  that  sodium  docs  in  sulphate  of 
sodium,  Na^SO^,  and  it  might  well  be  called  sulphate  of  hydro- 
gpo,  were  it  not  tliat  usage  has  assigned  to  it  another  name, 
Heaides  the  normal  sulphates,  in  which  all  the  hydrogen  has  been 
replaced  by  a  metal,  as  above  (or,  on  the  dualistic  hypothesis^ 
in  which  all  the  water  has  been  replaced  by  a  metallic  oxide), 
there  is  another  class  of  sul^ihates,  often  called  bi  or  acid  sul- 
phates, in  which  only  half  of  the  hydrogen  has  been  thus  re- 
ced ,  as  an  example  of  these,  the  student  will  recall  the  acid 
i|>hate  of  sodium,  NaHSO^,  mentioned  in  §  101. 
Aeida^  which,  like  sulphuric  acid,  contain  two  replaceable  atoms 
hydrogen,  and  are  therefore  capable  of  forming  two  series  of 
iUf  are  called  biba»ic,  in  contradistinction  to  the  monobasio 
'acids,  Itko  nitric  add,  which  form  but  one  series  of  salts.  There 
is  but  one  nitrate  of  sodium,  for  example,  NaNO^.  It  is  for  this 
reason  that  many  chemists  object  to  the  doubled  formula  for 
jjitiic  acid  H^N^O^,  in  spite  of  its  convenience,  because  this  for- 
Jhula  suggests,  what  is  not  true,  that  one  or  both  of  the  atoms  of 
hydrogen  might  be  replaced  by  any  metal  which,  like  sodium, 
potajssium,  or  silver,  replaces  hydrogen  atom  for  atom* 

2*J9,  Fwnitiff  ^Sulphuric  Acid,— The  acid  R^SO^,  above  de- 
ribed,  htis  been,  for  nearly  a  century,  the  most  important  of  the 
reral  varietica  of  suljiburic  acid  ;  but  long  previous  to  the  dis- 
eovcry  of  the  process  of  making  it  in  leaden  chambers,  there 
waa  manufactured  another  Tariety»  now  known  aa  fuming  sul- 
phuric acid. 
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This  faminpf  acid,  or  Nordhausen  acid,  as  it  ia  ofteii  called, 
from  the  name  of  a  German  town  in  which  large  quantities  of 
it  were  formerly  prepared,  was  at  first  obtained  by  distilling  in 
earthen  retorts  the  salt  now  known  as  sulphate  of  iron,  formerly 
called  ^een  vitriol.  Hence  the  origin  of  the  name  oil  of  vitriol, 
which,  in  England  and  this  coiintiy,  has  come  to  be  applied 
solely  to  the  common  acid  H^HO^,  though  it  is  stOl  used  a&  a 
synonyme  for  the  fuming  acid  by  German  t^Titer**. 

When  dry  sulphate  of  iron  is  exposed  to  a  full  red  heat,  it 
suffers  decomposition ;  a  considerable  quantity  of  sulphuric  acid 
is  given  off  and  can  be  collected  in  receivers.  The  distillat© 
thus  obtained,  which  ia  a  dense  fuming  liquid  of  about  1*9  spe- 
cific gravity,  is  the  acid  now  in  question.  Though  of  far  lees 
importance  than  was  fqrmerly  the  case^  considerable  quantities  of 
the  fupiin^  acid  are  still  prepared  for  the  purpose  of  dissolving 
indigo  and  for  other  special  o^es,  wl^ere  an  acid  stronger  thaii 
the  common  add  is  needed.  It  may  be  regarded  as  a  solution 
of  varying  quantities  of  the  anhydrous  acid  80^  in  the  common 
acid  H^SO^ ;  if  it  be  gently  heated,  ail  of  the  anhydrous  acid  will 
be  expelled,  and  common  sulphuric  acid  will  remain.  8o,  tcM),  if 
it  be  exposed  to  the  air,  the  anhydrous  acid  will  be  given  off,  and, 
coming  in  contact  with  the  moisture  of  tho  air,  will  combine 
therewith  to  form  common  sulphuric  acid,  which,  falling  as  a 
cloud,  ot^casions  the  appearance  of  fumes. 

When  the  fuming  acid  is  cooled  to  about  — 5*^,  a  crystalline 
compound  of  composition  H^S^^O.  (dtialistic,  H/),280g)  separatoa 
out.  After  having  been  freed  from  liquid  acid,  these  crj^stals 
melt  at  35^.  When  pure,  the  fuming  acid  is  colorless ;  but  the 
oommercial  article  is  often  brown,  from  having  been  in  contact 
with  organic  matter.  It  is  an  excessively  corrosive  liquid,  and 
destroys  most  organic  matters,  even  more  rapidly  than  tho  com- 
mon acid.  On  being  dropped  into  wat^r,  a  noise  is  emitted  aa 
if  a  red-hot  bar  of  metal  had  touched  the  water • 

24<>.  Anhifdrous  SifJphuric  Acid  (81),),^ — Aa  has  been  men- 
tioned in  §  224,  this  substance  can  bo  obtained  by  passing  a  mix- 
ture of  sulphurous  acid  gas  and  oxygen  over  hot,  finely  di^ded, 
metallic  platmum,  or  over  various  oxides  and  other  porous  sub* 
etancee* 


lUfHiQ  Avwn>w>vs  iULPinntic  acid. 


193 


JSrp,  105 — ^PrepiAre  a  small  quantity  of  platinized  asbestos  as  fol* 
lows :  dUsolvt*  about  0*25  griii.  of  metalUc  platimiin  in  nqtia  re^a(§  104), 
and  fioak  m  this  solntioD  its  much  aoft^  porous  asbestos  as  will  form  a 
loo^  ball  of  1'5  cm.  diamet<>r ;  beat  tbe  w>^t  aabestos  genii?  uxttil  it 
bap  bcicome  dry,  and  then  ijrnite  it  in  the  llami9  of  tbe  (^-Inmp,  The 
cMoridf  of  platinuiij^  which  was  formtid  by  the  solution  of  the  metal,  ia 
decomposed  by  heat^  and  metallic  platinum^  in  a  finely  divided  condi- 
tion ^  i8»  l^ft  adhering  to  the  aabeatos* 

Select  a  tube  of  bard  glass,  No.  U,  about  30  cm,  lon^,  and^  at  a  dis- 
taaoe  of  about  10  cm.  from  one  end,  bend  it  to  an  obtuse  angle^  bo 
that  when  the  tube  is  supported  upon  a  ring  of  the  iron  stand  above 
the  gaS'lamp  the  shorter  In^ut  portion  can  be  thrus^t  into  the  nock  of  a 
receiver;  in  tbe  centre  of  the  lon^r  portion  of  the  glasa  tube  pa<^k  the 
platiniied  asbestos  loosely :  then  force  int^j  and  through  the  tub*>  a  cur- 
rent of  mi^edsulpburouB  acid  and  oxygen ;  at  tbe  ^ame  time  beat  ovet 
be  gaS'IiUnp  that  portion  of  tbe  tube  which  contains  the  platinized 
ibe^tos,  and  collect  the  anhydrous  sulphurii'  ai'id  which  is  formed  in  a 
^porfectly  dry  test-tube  or  U-tube  immersed  in  ice,  or,  better,  in  a  freei- 
ing-mixture  of  toe  and  aalt.  In  the  course  of  the  exiieriment,  lift  up 
I  he  n.H-eivtir  for  a  moment,  pour  out  from  it  a  little  of  the  vapor  of 
anhydrous  gulpbiiric  acid,  with  which  it  is  fille*!,  and  obser^'e  how 
rapidly  tbe  heavy  gas  falls  through  the  air,  and  the  cloud  which  forma 
a&  it  lu^ites  with  moisture. 

The  miiture  of  sidphiirous  acid  and  oxygen  may  be  made  before  the 
expi^rinient  in  a  small  gaj^-holder,  or,  as  well^  during  the  piogresa  of 
tbe  experiment  in  a  bottle  bthind  the  asbestos  tube.  ThiiS  bottle,  which 
should  be  of  at  least  half  a  litre  capacity,  is  fitted  with  a  cork  ear- 
ning three  glasa  tubes,  and  is  connected  vnth  tbe  asWtos  tube  by  one 
of  these  tubea^  which  reaches  no  lower  than  the  cork ;  by  the  other 
tnVjes.  which  pass  nearly  to  the  bottom  of  the  bottle,  and  dip  beneath  the 
aurface  of  a  layer  of  common  sulphuric  arid»  which  baa  been  placed 
in  it,  the  botlle  is  connected  with  a  tiask  in  which  sulphuroui*  arid  is 
being  generat*-»d  (Exp,  90),  and  with  a  gas-holder  containing  oxygen. 
Tbe  sulphuric  acid  in  the  bottle  serves  to  dry  the  ga^es,  and  the  rapidity 
with  which  tbe  bubbles  of  gas  pass  through  the  liquid,  efuables  the 
opemtor  to  judge  of  the  proportions  in  which  the  gaw:*  are  being 
ciLxed  ;  the  flow  of  oxygen  having  been  fixed  at  a  moderate  rate,  once 
for  ail,  tbe  sulphurous  acid  will  alone  need  attention. 

Tbe  action  of  the  platinum  in  this  experiment  is  obscure  ;  it  will  be 
tTfiiled  of  under  the  metal  platinum. 

Insti^ad  of  the  platinized  a^beatosi  oxide  of  iron^  oxide  of  coppeTi  or 
oxide  of  chifomium^  or,  better,  a  mixture  of  the  last  two  can  be  heated 
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in  the  tube  tbrougli  which  the  mixed  gases  are  pa?»in^*  These  pTo- 
eesaes  of  preparing  sulphuric  acid  are  interesting  from  a  scientiHc  point 
of  view^  hut,  a»  b&s  boen  already  Btated  (§  224),  thej  do  not  ildmit  of 
commercial  appl" cation. 

Anhydroa>4  sulphuric  acid  can  readily  be  prepared  by  heating  the 
NofciJiHusen  acid  (see  §  2ii9) : — 

20  or  30  gTm^.  of  fiiiuing  sulphuric  acid  are  poured  into  a  perfeetly 
dry,pniftU  glafw  n^tort ;  the  neck  of  the  retort  h  thrust  into  a  diy,  cold 
receiver^  and  the  acid  i^  slowly  heated  until  it  boils  moderately.  The 
vapor  of  the  anhydrous  acid  will  condense  and  &oHdify  in  the  receivei 

The  anhydrous  add  may  also  be  obtained  by  distilling  dry  bi^ulphati 
of  aodium.     The  bisulphate  h  prepared  by  heating  a  mixture  of  3  par 
by  weight,  of  dry  sulphate  of  eodium  and  2  part*  of  common  Bulphurie^ 
icid,  until  the  mixture  fu«ea.    All  the  water  of  the  acid  ia  thus  elimi- 
nated:— 

Na^O^SO,  +  H,0,SO»  ^  Nr,0,2S03  +  H,0. 

The  bisulphate  of  sodium,  on  being  diatilkd  in  an  eathern  retort,  will 
give  up  one  molecule  of  anhydroua  snlpijuric  acid,  and  a  reaidue  of 
normal  sulphate  of  sodium  will  remain  in  the  retort: — 
Na,0,2S0,  =.  Na,0;SO,  +  SO^ 
241.  As  thiw  prepared,  anhydroua  sulphuric  acid  is  a  glisten- 
ing white  solid  mass  of  silky,  crystalline  fibres,  somewhat  rtaem- 
bltng  asbestos ;  it  is  tough  and  ductile^  and  can  be  moulded  with 
the  fingers  like  wax.  So  long  as  no  water  is  present^  it  can  be 
handled  without  danger ;  when  perfectly  dry,  it  is  not  corrosiv©, 
nor  does  it  even  react  upon  blue  litmus.  It  unites  with  waier, 
however,  with  great  avidity,  and  is  converted  into  common  sul- 
phuric acid.  It  rapidly  absorbs  water  from  the  air  and  deli- 
quesces ;  at  the  same  time  it  forms  den*io  fumes ;  for  it  is  volatile, 
to  a  very  eonsiderahle  extent,  at  the  oiilinary  temperature,  and 
its  vapor  combines  with  the  moisture  of  the  air.  On  '  ' 
brought  in  contact  with  a  small  quantity  of  water,  it  com  i 
with  it  with  explosive  violence,  and  much  heat  is  evolved.  If  a 
Ut  of  it  be  thrown  into  a  large  quantity  of  water,  tho  water 
hiasca  as  if  a  hot  iron  had  been  thrust  into  it.  Owing  to  its 
gneat  t^ndt'ncy  to  delicjuesce,  the  solid  acid  can  only  be  preserved 
in  dry  tubes  sealed  at  the  lamp. 

The  specific  gravity  of  Rnhydrmis  sulphuric  acid  is  I -97,     It 
melts  T^mdily  upon  being  heated ;  but  it  has  been  noticed  that 
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ome  Bnmples  melt  far  more  easily  than  others*  There  appear 
to  be  two  distinct  varieties  of  the  acid ;  for  in  some  ca^ee  a  tem- 
perature of  18°  is  sufficient  to  render  the  mass  Huid,  while  in 
others  the  heat  must  be  carried  even  to  100°.  The  easily  fusible 
modification  appears  to  change  gradnallj,  by  keepings,  into  that 
which  IB  more  difficultly  fusible ;  and  the  latter  seemB  to  be 
changed  to  the  former  by  distillation.  The  melted  acdd  boils  at 
about  35*^,  and  evolves  a  colorless  and  transparent  vapor,  three 
times  as  heavy  as  air,  which,  upon  coming  in  contact  with  the 
■ir,  unites  with  moisture  and  forms  dense  white  fumes.  When 
brought  in  contact  with  hot  lime  or  baryta  (oxide  of  calcium  and 
oxide  of  barium),  it  unites  with  them  directly;  intense  heat  is 
evolvedi  and  there  is  Ibrmed  sulphate  of  calcium  or  sulphate  of 
b&riom:^ — 

CaO  +  80,  »  CaSO,  =  CaO,SO^, 

242.  On  being  exposed  to  a  strong  red  heat,  the  vapor  of  an- 
hydrous sulphuric  acid  splits  up  into  oxygen  and  sulphurous 
acid — two  volumes  of  it  yielding  two  volumes  of  sulphurous  acid 
and  one  volume  of  oxygen.  As  has  been  shown  in  §217,  two 
volumes  of  Bulphurous  acid  gas  contain  one  volume  of  sulphur 
rapor  and  two  volumes  of  oxygen ;  hence  it  follows  that  the 
vol u metric  composition  of  anhydrous  sulphuric  acid  is  one  volume 
of  sulphur  vapor  and  three  volumes  of  oxygen,  the  whole  con- 
densed to  two  volumes.  The  specific  gravity  of  sulphur  vajxir  to 
32»  that  of  oxygen  is  16,  and  the  proportions,  by  weight,  in  which 
sulphur  and  oxygen  are  united  in  anhydrous  sulphuric  acid,  are 
consequently  32  and  16x3=48,  the  combining  weight  of  sul- 
phuric acid  being  32-1-48  =  80.  The  combining  weight  of  sul- 
phuric acid  can  also  be  readily  determined  in  a  manner  analogous 
to  that  employed  in  the  cfu^e  of  nitric  acid  (§  73),  by  saturating 
with  the  common  acid  a  known  quantity  of  oxide  uf  lead, 
CTaporatingoff  the  water  and  excess  of  acid,  ar.d  then  determining 
the  weight  of  the  dry  sulphate  of  lead  whieh  is  fonned.  By 
subtracting  from  the  latter  the  weight  of  the  original  oxide  of 
lead,  we  obtain  the  weight  of  the  fiulphurie  acid  which  has  com- 
"     erimcnt  will  show  that  tl 
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Bulphurie  acid  is  to  that  of  the  oxide  of  lead  in  the  ratio  of  80 
to  223* 
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The  facility  with  which  sulphuric  acid  is  decompcHed  at  a  red 
hoat  (§  242)  is  the  bosi^  of  a  very  economical  method  of  prepa- 
ring oxygen  gas  in  large  quantities  for  manufacturing-purposes. 
Commercial  sulphuric  acid  ie  allowed  to  di'op  upon  fragmeut^  of 
red-hut  porcelaio,  there  to  be  decomposed,  in  accordanoe  with 
the  formula 

H,SO,  =  SO,  +  0  -h  H,0, 

and  the  products  of  the  decoraposition  arc  then  washed  with 
water,  so  that  the  sulphurous  acid  may  be  absorbed,  the  steam 
oondensed^  and  the  oxygon  left  tree.  Here  again,  as  in  our 
earlier  experiments  (§  10),  the  oxygen  has  really  been  obtained 
from  the  air;  and  if  it  were  desirable,  the  solution  of  sulphurous 
acid  obtained  in  washing  this  oxygen,  might  bo  placed  in  the 
leaden  chambers  and  again  be  converted  into  sulphuric  acid  by 
the  addition  of  oxygen  from  the  air. 

243.  HyposnlphurQiis  Acid  (S^O^)  has  never  been  obtained 
in  the  free  state*  nor  is  any  conipuund  of  it  with  water  known  ; 
but  there  are  numerous  saline  compoundj  of  which  it  makes 
part,  and  some  of  these  are  of  considerable  importance  in  the 
arti.  These  salts,  called  hyposulphites,  can  be  prepared  in 
various  ways,— fur  example,  by  digesting  sulphur  in  a  hot  (but 
not  boiling)  concentrated  solution  of  an  alkaline  sulphite.  If  sul- 
phite of  sodium  he  taken,  the  reaction  can  he  thus  formulated, 

Na,0,SO,  +  8  =  Na,0,S,0,. 

Another  method  of  preparing  the  hy|)osulphites  is  to  pass  a  cur< 
f©nt  of  Biilphurouji  acid  gas  through  the  solution  of  an  alkahne 
Bnlphide,  until  no  further  precipitation  of  sulphur  occurs : — 

2CaS   +  3S0,  =  2(CaO,S^O^)  -f  8. 

When  a  hyposulphite  is  treated  ^vith  a  strong  acidi  decompo- 
eltion  immediately  ensues;  S^O^  breaks  up  into  80^+8;  hence 
our  inahOity  to  isolate  the  acid,  , 

Some  of  the  hyposulphites  will  be  more  fully  described  whea 
w©  come  to  treat  of  the  metals. 

244.  Olhtr  Compounds  of  Sulphur  and  Oxyfjen. — With  the 
•atception  of  hyposulphuric  acid,  8,0,,  none  of  these  compounds 
(see  §  215)  have  been  very  thoroughly  studied ;   any  detailed 
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de^nptioD  of  the  mothods  of  preparing  them  would  be  out  of 

place  in  an  elementary  manual. 

24o.   Corupoujuls  of  Sulphur  and  CA/on'n<r.— Chlorine  and  sul* 

phur  combine  with  one  another  directly  and  readily,  forming 
verul  different  eorapotmds,  whose  properties  vary  in  accordance 
ith  the  varying  proportions  of  chlorine  and  sulphur  which  they 

respectively  cont*iin. 

246.  Duhloriih  of  Sulphur  (SCI)  is  the  hest-known  of  the 
ttpounds  of  chlorine  and  sulphur,  and  is  often  called  simply 

diloiide  of  sulphur. 

It  can  he  prepared  by  passinj]!'  a  current  of  drv  chlorine  through  a 
thwk  «r  tubulated  retort  containinfr  flowers  of  sulphur.  The  chlorine 
b  mpidh-  absorbed  by  thp  sulphur,  and  care  must  be  taken  le^t  the 
mass  b<?come  too  hot  The  red.iish-TeUow  liquid,  obtained  as  the 
n^tilt  of  the  reai-'tioa,  La  asolutiou  of  isulphur  in  dscUloride  of  sulphur; 
by  distilling  it  the  excess  of  sulphur  cau  be  separated. 

Bichloride  of  sulphur  is  a  yellowish-brown  liqttid  of  1"68 
fpecific  gravity,  and  boiling,  without  det'om  posit  ion,  at  144°, 
It  emits  a  peculiar  odor,  which  has  been  likened  to  that  of 
flea -pi  ants ;  its  vapor  excites  tears,  and  its  taste  is  acid,  acrid* 
ad  bitter.  It  fumes  strongly  in  the  air,  being  decomposed  by 
'  moisitire  of  the  air  with  evoliitif>n  of  chlorliydric  acid.  It  ia 
decomposed  by  water,  but  can  ho  mixed  with  bi.sulphide  of  car- 
bon and  witli  benzine.  It  is  remarkable  as  a  powerful  solvent 
of  sulphur ;  100  parts  of  dichloride  of  sulphur  C4tn  take  up  about 
70  parts  of  sulphur  at  the  ordinary  temperature  ;  on  slowly  cool- 
ing the  hot  saturated  solution,  beautiful  crys^tals  of  sulphur  are 
deposited.  Bichloride  of  sulphur  is  used  in  a  process  of  vulcan- 
ising eaoutchouo^  known  as  the  cold  process. 

247*  Chloride  o/  Sutpkur  (SCl^^), — This  compound  is  formed 
when  eulphur  is  treated  with  an  excess  of  dry  chlorine,  or  when 
a  current  of  chlorine  is  passed  into  dichloride  of  sulphur;  tho 
dichloride  requires  some  278  times  its  own  bulk  of  cblorinti  gas, 
and  absorbs  it  very  slowly.  Chloride  of  sulphur  is  a  red  liquid, 
of  I*H25  specific  gravity.  It  exhales  suffocating  and  irritating 
fuine«  of  chlorine  and  the  dichloride,  since  it  slowly  decomposes 
wbt-n  kept.  The  decomposition  is  purticidarly  rapid  in  a  sti-ong 
light  I  and  so  much  gaa  Is  evolved  that  a  tightly-stoppercd  bottLo 
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containiTig  clilonde  of  sulphur  will  explode,  afler  a  time,  if  it 
be  plrtCL'd  in  sun  light.  On  being  heated,  the  liquid  gives  off  so 
muuh  chlorine  at  50®  that  it  seems  to  boil ;  but  the  tempiTature 
gradually  rises  to  64^,  whit^h  appears  to  be  the  real  boiliog-point 
of  the  liquid.     It  is  slowly  decomposed  by  water. 

The  density  of  its  vapor  hag  been  found  to  be  53 ;  admitting 
that  the  gas  is  composed  of  one  yolume  of  sulphur  vapor  and  two 
volumes  of  chlorine,  condensed  to  two  volumes  of  vapor,  the  cal- 
culated specific  gravity  of  its  vapor  would  be  ol*5.  In  view  of 
the  instability  of  the  compound,  the  experimental  result  is  suf- 
ficiently near  coincidence  with  the  calculated  number  to  mako  it 
certain  that  the  composition  of  the  gas  is  really  us  above  stated. 

248.  The  other  compounds  of  sulphur  with  chlorine,  and  with 
chlorine  and  oxygen,  need  not  hero  be  discussed ;  and  the  soma 
remark  applies  to  the  compounds  formed  by  the  union  of  sulphur 
with  iodine,  bromine,  fluorine,  and  nitrogen.  The  compounds  of 
sulphur  with  carbon,  phosphorus,  arseaio,  and  the  motah*  will  be 
treated  of  iiereoller. 
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249.  These  elements  are  rare,  and  of  little  or  no  industrial 
importance ;  but  to  the  chemist  they  are  exceedingly  interesting, 
on  account  of  the  close  resemblance  they  bear  to  sulphur.  The 
three  elements,  sulphur,  selenium,  and  tellurium,  constitute  a 
group  which  is  equally  remarkable  with  that  formed  by  chlorine, 
bromine,  and  iodine.   (See  §  15:^.) 

250.  Selenium f  Se,  is  never  found  in  any  considerable  quan- 
tity in  any  one  place.  Traces  of  it  occur  in  many  varieties  of 
native  sulphur,  and  in  vanoua  metallic  stilphides.  It  is  now 
obtained  chiedy  from  the  sulphides  of  iron,  copper,  and  zinc* 
These  sulphides  often  contain  minute  traces  of  selenium,  though 
(he  quantity  is  sometimes  so  small  that  it  can  hardly  be  detected 
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Ijy  ttc  ordinary  methods  of  analysie*  When  these  sulphides  ar o 
bunied  for  the  purpofte  of  manufacturiDg  sulphuric  acid,  or  in 
metallurgical  opera tions,  the  selenium  goes  off  with  the  sulphu- 
rous acid  produced  hy  the  combustion,  and  is  deposited  either  in 
the  dusrt-tlues  of  the  furnaces  or  upon  the  floors  of  the  leaden 
chflmhers  at  the  sulphuric -add  works.  In  this  way  the  selenium 
from  hundreds  of  t^n«  of  the  pyritous  ores  is  collected  and  con- 
centrated to  a  comparatively  small  bulk.  The  deposit  taken 
from  the  leaden  chambers  of  some  sulphuric-add  works  contains 
as  much  as  from  2  to  10  per  cent,  of  selenium.  The  methods  of 
ohtmning  pure  selenium  from  these  deposits  are  founded  upon 
the  facts  that  by  treatment  with  nitric  acid  or  aqim  regia  the 
st^cnium  can  all  be  oxidized  and  converted  into  selenioua  acid 
(8eOj),  that  selenious  acid  is  soluble  in  water,  and  that  when  a 
solution  of  it  is  treated  with  sulphurous  acid,  the  solemoua  acid 
is  reduced  and  pure  selenium  deposited. 

BeO^  +  2S0,  ==  2S0,  +  Se, 

251.  In  its  projierties  and  in  its  chemical  behavior,  selenium 
embles  sulphur  in  many  respects,  while  in  others  it  is  like 
lurium.  Like  sulphur  and  oxygen,  it  occurs  in  distinct  alio- 
opic  modifications  (§§  162,  196).  The  precipitate  obtained  by 
lixing  solutions  of  sulphurous  and  selenious  acids  Is  of  a  deep 
[  color,  almost  like  that  of  cinnabar.  But,  after  having  been 
[  and  suddenly  cooled,  selenium  appears  as  a  brilliant  black 
^iiss,  amorphous,  like  glass,  and  of  4*3  specific  gravity.  When 
fused  selenium  has  been  slowly  cooled,  it  appears  as  a  dark-grey, 
Tery  brittle,  criimbling  mass,  of  crystalline  or  granular  stnictupe 
and  a  metallic  lustre  like  that  of  lead ;  the  specific  gravity  of 
this  variety  is  4-81,  The  amorphous  or  vitreous  modification  of 
lum  does  not  conduct  electricity  :  but  the  granular  or  crystal- 
!  Tariety  conducts  it,  and  the  more  readily  in  proportion  as  it 
hotter.  The  specific  heat  of  selenium,  at  the  ordinary  tem- 
ture,  is  C  0746,  being  the  same  for  both  the  vitreous  modifi- 
ioxi  and  that  with  metallic  lustre.  The  vitreous  variety  is 
soluble  in  bisulphide  of  carbon,  but  the  granular  variety  is  in- 
salable  in  tliat  liquid. 

Selenium  melts  readily  upon  being  heated,  and  the  liquid  thus 
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obtained  boils  at  about  700°,  being  converted  into  a  dark  velloir 
vapor,  the  spt'cific  gravity  of  which  has  been  found  to  be  82*3. 
The  atomic  weight  of  selenium  has  been  determined  to  be  7^*5. 
This  di&crepancj  between  the  vapor -densitj'  and  the  atomic  weight 
is  to  be  ascribed  to  the  imperfection  of  the  experimental  deler- 
minations.  Of  itself,  selenium  has  neither  taste  nor  odor.  When 
heated  in  the  Hame  of  a  lamp,  it  burns  with  a  beautiful  blue 
flame  and  exhales  a  pecuharly  offensive  odor,  like  that  of  putrid 
horseradishj^ — sclenious  add,  BeO^,  being  the  chief  pi  oduet  ot  the 
reaction* 

Selenium  combines  with  most  of  the  elements,  usually  in  tho 
same  way  aa  sulphur,  though  not  always,  since  it  is  a  weaker 
chcmicaJ  agent  than  sulphur;  its  compounds  are  as  a  rule  some- 
what less  stable  than  the  corresponding  sulphur  compounds. 
With  oxygen  it  forms  sclenious  acid,  SoO^,  and  sclcnic  acid, 
8eO^, — analogous  to  sulphurous  and  sulphuric  acids  respectively. 
Besides  these,  there  is  a  lower  oxide,  8eO  (?) ;  it  is  a  colorless 
gas,  having  the  strong  and  disagreeable  odor  like  horseradish 
before  mentioned^ 

252.  Both  selenioua  and  se!enic  acids  form  numerous  salts, 
which  closely  resemble  the  corresponding  sulphites  and  sulphates 
in  composition  and  in  many  of  their  properties.  Normal  seleniato 
of  potassium,  for  example,  K^8eO^,  cannot  be  distinguished,  by  its 
external  appearance,  from  sulphate  of  potassium,  K^SO^»— tha 
crystalline  form  of  the  two  bodies,  as  well  a;*  their  texture,  color, 
and  lustre,  being  identicaL  If  solutions  of  these  two  salts  be 
mixed,  neither  of  the  salts  can  subsequently  be  crystiilHzed  out 
by  itself  when  the  solution  is  evaporated ;  the  cry  stalls  obtained 
will  be  composed  of  sulphate  of  potassium  and  seleniate  of  po- 
tassium mixed  in  the  most  varied  proportions.  Bodies  which 
are  thus  capable  of  crystallizing  together  in  all  proportions,  with- 
out alteration  of  the  crystalline  form,  ai*e  said  to  be  uomorphou$ 
(like-formed').  The  formuloB  of  th<?  two  isomorphous  salts.  Just 
mentioned,  ditTer  only  in  this — that  the  one  contains  the  atom 
Be,  where  the  other  contains  tho  atom  8.  It  is  therefore  pos- 
aible  to  replace  32  parts  by  weight  of  sulphur  by  79' 5  parts  of 
eeleninra,  or  79**^  of  selenium  by  32  of  sulphur,  without  ch tinging 
tibe  cryMtalliiie  form  of  the  salt«:   it  follows  that  32  parta  hj 
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weight  of  Bolid  sulphur,  and  79*5  pariet  of  solid  selenium,  occnpr 
the  same  space.  That  this  is  actually  the  case  may  he  shown 
by  compuring  the  quotients  obtained  by  dividing  the  atomic 
weights  of  the  two  elements  by  their  specific  gravities;  tiiese 
quotients  will  be  found  to  be  equal,  or  as  nearly  equal  as  the 
limits  oi  error  of  the  physical  determinations  involved  will  per- 
mit. The  Bpccitic  gmvity  of  prismatic  sulphur  is  1*91,  or,  in 
other  words,  one  cubic  centimetre  of  solid  sulphur  weighs  1*91 
gnutime ;  tlie  specific  gravity  of  crystalline  selenium  is  4*81,  or 
one  cubic  centimetre  of  selenium  weighs  )*81  grammes;  32 
grammes  of  sulpbur  will,  therefore,  occupy  ^^^^  =  16-75  cubic 
centimetres;  79*5  grammes  of  selenium  will  occupy  ^^j  =  16*53 
cubic  centimetres.  What  is  true  of  grammes,  is  true  of  any  parts 
hy  weight,  and  ultimately  of  tbe  atoms.  This  quotient,  obtained 
by  dividing  the  atomic  weight  of  un  element  by  its  specific  gra- 
Y^  is  called  the  aiomic  volume  of  the  clement ;  it  must  be  borne 
mind  that  the  standard  of  speci6c  gravity  for  liquids  and  solids 
is  water,  for  gases  hydrogen,  and,  therefore,  that  the  atomic 
volume  of  a  solid  or  liquid  must  not  be  directly  compared  mth 
that  of  a  g«s.  Two  elements  whose  atomic  volume  is  the  same  can 
he  exchanged  in  their  compounds  without  alteration  of  crystalline 
form,  precisely  as  a  brick  or  stone  taken  out  of  a  wall  can  be 
replaced  by  onolber  of  the  same  size  and  shape  without  changing 
the  form  of  the  walL 

253.  With  chlorine,  selenium  forms  two  compounds,  8eCl  and 
8eCl^.  the  fij-st  of  which  is  analogous  to  dichloride  of  sulpliur* 
With  hydrogen  it  forms  a  compound,  'EL fie,  called  selenbydric 
ftcid,  or  scieniurettcd  hydrogen,  which  is  perfectly  itnulogous  to 
sulphuretted  hydrogen,  H^S,  but  possesses  a  still  more  disagree- 
able odor.  In  its  action  upon  solutions  of  the  mctuUic  salts,  upon 
metaLs  and  metallic  oxides,  selenbydric  acid  behaves  like  sul- 
phydric  acid,  a  selenide  of  the  metal  being  always  formed. 

254,  Tellurium  (Tc)  occurs  in  nature  even  more  rarely  than 
nitun.     Sometimes  it  is  found  in  the  free  state,  but  more  ge- 

IteniUy  in  combination  with  the  heavy  metals,  such  as  gold,  silver, 
lead^  copper,  and  bii>muth.  It  is  one  of  the  few  elements  with 
rc^^rd  to  ^hich  chemists  have,  at  times,  been  in  doubt  whether 
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or  not  tliey  should  be  classed  as  metals.  Many  of  its  physical 
properties  iire  similar  to  those  of  the  metab,  and  it  particularly  re- 
sembles the  metal  antimony;  hat  it  is  so  intimately  related  to  diil- 
phtir  and  seleninm  in  its  chemical  properties,  its  crystalline  farm, 
and  mode  of  oceurrence  in  nature,  that  it  is  now  almf»st  tilvvMva 
studied  as  a  member  of  the  snlphnr  group, 

2*55.  Tellurium  is  of  a  silver- white  color  and  gUttenng  me- 
tallic lustre.  It  is  hard  and  brittle,  and  crystallizes  very  ea^sily  io 
rhombobedrons.  It  is  a  bad  conductor  of  heat  and  electricity. 
Its  specitjc  gravit/  is  62;  its  specific  heat  is  0*04737,  and  its 
atomic  weight  12S,  It  melts  at  a  tomperature  somewhat  aho¥e 
the  melting-point  of  lead,  and  is  volatile  at  a  full  red  heat,  the 
vapor  being  of  a  yellow  colour,  like  that  of  selenium.  When 
heated  in  the  air,  it  takes  fire,  and  burns  with  a  greenish- blue 
flame,  copious  fumes  of  tcllurous  acid,  TcO^,  being  at  the  s&oae 
time  evolved. 

256.  The  compounds  of  tellurium  and  oxygon  (tellurous  acid, 
TeO^,  and  tcliuiic  acid,  TeO,)  are  analogous  to  sulphurous  and 
sulphuric  acids.  By  uniting  with  metallic  oxides,  they  form  nu- 
merous salts,  analogous  to,  and  isomorphous  with,  the  correspond- 
ing eompoundn  of  sulphur  and  selenium,  So,  too,  the  hydrogen 
compound,  H^Te,  is  analogous  to  sulphuretted  and  seleniuretted 
hydrogen,  in  composition  and  properties.  With  the  metals  it 
unites  directly  to  form  tellurides.  There  are  chlorine  compounds 
al'io^  TeCl  and  TeG,, 

257.  The  clo^ie  relationship  which  subsists  between  sulphur  and 
03tygen  has  been  already  alluded  to,  as  well  as  the  many  points 
of  resemblance  between  sulphur,  selenium,  and  tell nri urn ;  the 
student  is  therefore  now  prepared  to  recognize  the  fact  that  in 
oxygen,  sulphur,  selenium,  and  tellurium  we  have  another  group 
or  family  of  elements,  as  intimately  and  naturally  related  to  each 
other  as  are  the  members  of  the  chlorine  group.  (8co  §  152.)  It 
will  be  seen  at  a  glance  that  in  passing  from  o.xygen,  at  one  end 
of  the  series,  to  tellurium,  at  the  other,  we  meet  with  the  same 
progression  of  physical  and  chemical  properties  that  was  so 
noticeable  in  passing  from  chlorine  to  iiidine.  The  properties  ^jf 
the  various  compounds  formed  by  the  union  of  the  members  of 
the  sulphur  group  with  other  elements  exhibit  the  same  kind 
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of  progression  ;  that  those  compounds  are  of  analogous  composi- 
don  has  been  shown  in  the  preceding  paragraphs. 

With  hydrogen  the  members  of  the  sulphur  group  unite  m  the 
proportion  of  two  atoms  of  hydrojj^en  to  one  atom  of  the  other 
elemeut;  thus,  H^O,  H^S,  H^Se,  H,Te.  This  peculiar  relutioa 
to  hydrogen  is  an  important  characteristic  of  tlxe  group. 

In  this  sulphur  group,  precisely  as  in  the  chlorine  group,  tho 
relifctire  chtmical  power  of  each  element  in  the  family  is  great 
in  proportion  as  its  atomic  weight  is  low  (§  153);  oxygen  is,  as 
a  rule,  stronger  than  arulpbur*  sulphur  than  selouium.  and  selenium 
than  tellurium,  their  atomic  weights  being  respectively : — 
0  =  16,  8  =*  32,  Se  ^  795(80 ?),  Te  =  128, 
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258.  A  comparison  of  the  formulie  representing  the  volume- 
tric composition  of  all  tLe  well-detincd  compound  gases  and  vapors 
which  have  been  thus  far  studied,  will  bring  into  clear  view  some 
of  the  general  facts  relating  to  combination  by  volume. 

It  has  been  established,  by  experiment,  that  the  following  com- 
pounds are  formed  by  the  chemical  mnion^  without  condensation, 
of  equal  volumes  of  the  two  elements  which  enter  into  each  com- 
pound : — 

Hydrogen  ^  Chlorine 
1  vol 


Ivol     + 

Hydrogen 
1  ToT. 

Hydro>p*n  , 
I  vol     + 

Kitroff^n     , 
1  vol.      "*" 


_  Chlorhydric  Acid 
"  2' vols.  ' 

Bromine  _  Brombydrio  Acid 
1  vol     ~  2  vols,  ' 

Iodine    _    lodohydric  Acid 
1  vol,      ~  2  vola.  * 

Oxvgen  Nitric  Oxide 

1  voL     ^  2  vols.  ' 


or 


H 

I 

11 

1 

H 

1 

N 
14 


HOI 
3fl-5 


^  Br  _  HBt 

+  80  --   81 

HI 
128 

NO 
30 


'*"127" 

X  o  - 

+  la  - 


Tt  has  further  been  demonstrated  that  the  following  compounds 
of  two  elements  conioia  two  voiomns  of  one  element  and  one 


^H     ^ESflri^^^fl 
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^H 

^m         volume  of  the  othor,  biat  that  these  three  vobmea  are  condensed,       V 

^H          during  the  act  oi  combiDation,  into  two  vohimes ; —                            ^M 

^m            Hvdrtigen  .    Oxvgeu                   St^^am 

■               2voL*i.    -^     iVoL     ^            2  vols.           '^^ 

H,  _^  0  ^  H,0        ■ 

^H            Hvdrogon       Sulphur          Sulphvdric  Acid 
H                2vok    "•"     IvoL     "            2voK            *^^ 

H         S  _  H.S         ■ 
2.^32-34           ■ 

^H            Hvdpo^n  -  Selenium        Selenhvdrif  Acid 
H               '2  vols.    "*■     1  vol.     "             2  vols.            '  ^''^ 

H,   ,   Se      n,Se         ■ 
2    ^79'"  Hl5          ■ 

^H            HvdTO|?en  .Tellurium       TellurhvHric  Acid 
■               2voU.    -^     1vol.     -            2  Vols.           '**' 

II,  ^  Te      n,Te         ■ 
2    +128^   130         ■ 

^m            Chlorine     ,    Oxvpen       Hvpochhirous  Acid  ^, 
■               2vola.    ^     iVoL     "    *        2vok.           '°' 

Clj^  O      CLO        H 
71  ^  16  "^   i^t          ■ 

^1            Chlorine     .     Oxvpen         Hj^pochloric  Acid     ^^ 
■                 1  vol.      +    2  vols.    "^             2  vols.           *  ^^ 

CI    .  0,      CIO,         ■ 
35  5"^  32  -  07'5         M 

^H            Kitrogfen         Oxvpren            Nitrous  Oxide 
■                2  vols.    ^     1  vol.     -            2  voLh.           '  *''' 

N,  ^  0       N.O         H 
28  '^  16  -    44           ■ 

^H            Niiroj^D     .     Oxvpen         Hyponitric  Add      „, 
■                1  vol     -♦-    2  vols.    "            2  vok           »  °^ 

N  ^  0,       NO,         ■ 
14  +  d  =40          ■ 

^H            Sulphur      .     Oxvg^en         Sulphurous  Acid     ^^ 
^1^           1  voL     ^    2  vols.    °            2  vols.           '  ^"^ 

s    .  0,  ^  SO,         ■ 

82  ^  32  -    64          ■ 

^^^^L     Selenium         Oxv^eu           Sclenious  Acid 
^^m         1  vol.     +    2  voU.     *            2  voU.           '  ^^ 

Se    .   O,  _S.O,        ■ 
rOS"*"  82  ^111*6        ■ 

^V           TeHurium  .    Oxv^^en           Tellurous  Acid       ^^ 
H                IvoL      "•"    2  vols.     '^             2  vols.            '  ^*^ 

128"^  32  =  100          M 

^1              Lastly,  stni  a  third  mode  of  combination  by 

volume  with  con-      ^| 

^m          densalion  of  four  volumes  to  two  h/is  been  thoroughly  6Mldtt^d  in      ^M 

^B          thecusc  of  ommonia,  and  has  been  further  iUustrattd  in  the  com-      ^| 

^H          posiUyn  of  anhydrous  sulphuric  acid : — 

■ 

^H            Nitropm     .  llvdrnj^'en              Animonia 

H                 Ivol     "*"    3  vols,     "^             2  vols.           '^^ 

iV'J'-'i?-    I 

^H            Sulphur      .    Oxvi?en          Sulphuric  Acid 
■                Ivol     -^    3volfi,    *            2  vols.           '^^ 

s  ,  0,  _  so.      ■ 

32  +  48  -    HO          ■ 

^H              Throughout  thcRe  tables  the  unit-Tolumo  ia,  of  course,  the  ^ame      ^| 
^B          for  every  element  and  coni])ound.     What  the  ahsolute  bulk  of      ^M 

^m          this  unit-volume  may  be,  is  not  an  essential  point;  for  the  n^lii-      ^M 

^H          tiouB  remain  the  flnmc,  whatever  the   unit  of  measure,     Some      ^^ 

^H          ohomists  hnve  thouj^ht  that  an  advanta^^e  was  gained  by  using      ^M 
^H          the  bulk  of  one  gramme  o£  hydrogen  at  the  ordinary  preisuii^^^H 
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snd  temperature,  vix,  11»2  litres,  a«  tho  umt-yolmne,  while  otlioi^ 
pi-efcr  to  use  the  litre  itself  as  the  uniL 

Three  condensatioD -ratios  are  exhibited  in  these  tables,  in  inn 
first  the  condensation  is  0  ;  in  the  second  it  is  J,  and  in  the  third 
it  is  J*  The  typical  character  of  the  three  compounds,  chlorhy- 
dric  acid,  water,  and  ammonia,  is  also  clearly  brought  out ;  each 
of  these  bodies  represents  a  group  of  compounds  which  obey  the 
same  structural  law.  The  tables  aUo  show  very  clearly  the  fact 
that  I'cry  unequal  weights  of  the  compounds  tabulated  occupy 
equal  spaces,  under  the  same  conditions  of  temperature  and  pres- 
sure. The  apace  occupied  by  the  compound  molecule  is,  in  each 
case,  exactly  twice  the  unit- volume. 

259.  The  symbols  K,  CI,  0,  and  N  iTprescnt  the  rela:dTe 
weights  of  the  same  volume  of  four  elements  which  are  gaaeoiu 
at  common  temperatures  and  pressures ;    the  symbols  Br,  I,  S, 

nd  Se,  represent  the  relative  unit- volume  weights  of  four  other 

ements  which  are  not  gases  under  the  ordinary  atmospheric 
conditions,  but  which  can  be  converted  into  gases  at  a  higher 
temperature.  At  this  higher  temperature  their  unit*volume 
weights  have  been  experimentally  deterndned,  and  from  these 
oWrved  volume -weights,  the  unit-volume  weights  which  they 
would  possess  at  the  ordinary  pressure  and  temperature  have  been 
deduced.  The  symbols  of  these  eight  elements,  therefore,  repre- 
sent at  once  the  combining  weights  and  the  relative  weights  of 
equal  volumes  (specific  gravities)  of  these  substances  in  the  gaseoua 

ttte.  In  the  present  state  of  the  science,  these  eight  symbols 
the  only  ones  of  wliich  this  can  be  affirmed  ;  tellurium  would 
undoubtedly  make  a  ninth,  if  the  relative  size  of  its  combining 
weight  had  been  experimentally  determined,  but  until  this  deter- 
mination has  been  made,  the  a3rmbol  Te  represents  only  the  com- 
bining weight  of  the  element,  and  not  its  equal-volume  weight  as 
well. 

The  relative  sizes  of  the  combining  weights  of  four  other  ele- 
m^its  in  the  state  of  vapor,  have  been  experimentally  ascertained. 
These  four  element's  are  arsenic,  phosphorus,  cadmium,  and  mer- 
cury. When  we  come  to  study  these  elements,  we  shall  find  that 
the  symbols  of  arsenic  and  phosphorus,  namely,  As  and  P,  repre- 
sent only  the  half- volume  weights  of  these  two  bodies,  while  the 
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Bymbols  of  cadmium  and  mercury  represent  the  two-voltime 
weights  of  those  volatile  metiila.  Coincidence  of  the  combining 
weight  and  the  volume- weight  has  been  established  for  rij^ht 
elements;  disercpaucy  between  the  combining  weig;ht  and  the 
volume- weight  haa  been  proved  for  four  eloments ;  of  the  re- 
maining  elements,  eon.Htituting  more  than  foiu'-fifths  of  the  whole 
number,  the  equal -volume  weights  are  wholly  unknown,  inns* 
much  as  the^e  elements  have  never  been  converted  into  vapor 
under  conditions  which  permit  the  experimental  determination  of 
the  equal -volume  weights  of  their  vapors.  For  example,  the 
eymbols  Na  and  K  represent  the  combining  weights  of  the^e  two 
metals  ;  but  they  can  be  held  to  represent  the  weights  of  the 
unit-volumes  of  these  metals  only  by  pure  assumption,  or,  at  best, 
on  the  uncertain  evidence  of  analogies,  since  the  unit-volumo 
weights  of  the^e  metab.  when  converted  by  intense  heat  into 
gases,  have  never  yet  been  determined.  As  the  great  majority 
of  the  known  elements  cannot  be  volatilized,  or  made  gaseous,  by 
the  highest  temperatures  as  yet  at  our  command,  under  conditions 
which  permit  the  chemist  to  escpenment  with  the  gases  produced, 
it  is  plain  that  composition  by  weight  is,  in  the  present  state  of 
chemistry,  of  far  greater  x>ractical  importance  than  comjK>5*ition  by 
volume*  The  symbols  of  all  the  elements  represent  their  com- 
bining weights,  as  determined  by  ponderal  analysis  ;  the  sjTnboIs 
of  eight  elements  represent  also  the  equal-volume  weights  of  the 
substances  they  stand  for.  These  eight  elementa,  though  few  in 
number,  are  nevertheless  the  leading  clementB  in  Inarganio^ 
chemistry, 

2C0»  The  volume  of  the  molecule  of  every  compound  gas  in  the 
above  tables  is  twice  that  occupied  by  the  atom  of  hydrogen.  Two 
volumes  of  compound  gas  invariably  result  from  the  chemical 
combination  of  one  volume  of  hydrogen  with  one  volume  of  chlo- 
rine, of  two  volumes  of  hydrogen  with  one  of  oxygen,  of  three 
Yolumefi  of  hydrogen  with  one  of  nitrogen,  and  these  instances 
are  but  types  of  large  classes  of  chemical  reactions.  In  orgfinic 
chemistry  the  same  law  holds  good  for  a  great  multitude  of  com- 
plicated compounds  of  carbon ;  the  molecule  of  every  organic 
compound  in  the  state  of  vapor  occupies  a  volume  twice  as  large 
IB  that  occupied  by  an  atom  of  hydrogen,  or,  in  other  word«. 
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twice  the  unit- volume.     I'his  doubled  Tolame  is  often  called  the 
nonnal  or  produet-Yohime  of  a  compound  gaa.     Since  the  com- 
bining weight  of  a  compound  gas  or  vapor  occupies  two  unit- 
volomcs,  it  is  obvious  th«t  the  weight  of  one  volume,  which  is  the 
specific  gravity  of  the  gas  or  vapor,  is  deduced  from  the  combining 
weight  by  dividing  the  hitter  by  two.     The  specific  gravity  ^ofn 
com|}ound  gas  or  vapor  is,  therefore,  one-half  itu  combining  weight. 
2^1.  Molecular  conriition  of  elementanf  teases, — Bearing  in  mind 
definitions  of  atom  and  molecule  (§§38,  39),  let  us*  inquire 
what  inferences  concerning  the  molecular  condition  of  simple 
gases  in  a  free  state  can  be  legitimately  drawn  from  our  know- 
ledge of  the  molecular  condition  of  compound  ga^s.     To  give 
definiteness  to  our  conceptions,  let  us  assume  the  unit- volume  of 
the  elements  to  be  one  litre ;  the  product- volume  of  a  compound 
will  then  be  two  litres.    Two  litres,  the  product- volume,  of  chlor- 
hjdiic  acid  gas  are  made  up  of  one  litre  of  hydrogen  and  one 
litre  of  chlorine,  united  without  condensation,  and  each  molecule 
of  chlorhydric  acid  must  contain  at  least  one  atom  of  hydrogen 
and  one  of  chlorine.     In  these  two  litras  of  chlorhydric  acid  there 
must  be  some  definite  number  of  molecules ;  the  number  ia,  of 
oourse.  indeterminable;  but  let  us  assign  to  it  some  numerical 
Talue«  say  1000,  in  order  tc  give  clearness  to  our  reasoning.    On© 
litre  of  chlorhydric  acid  will  then  contain  500  molecules,  and  since 
ecjiifil  volumes  of  all  gases,   whether  simple  or  compound,  are 
aaaumed  to  contain,  under  like  conditions^  the  same  numbers  of 
molecules  (§  39),  one  litre  of  hydrogen  or  of  chlorine  wiU  also 
eontain  500  mohatUs.     But  the  one  litre  of  hydrogen  and  the  one 
litr^  of  chlorine,  which,  by  uniting,  produced  2  litres  =1000 
molecules  of  chlorhydric  acid,  must  each  have  contained  1000 
alo»%s  of  hydrogen  and  of  chlorine  respectively,  for  each  molecule 
of  ehlorhydric  acid  demands  an  atom  of  hydrogen  and  an  atom  ol 
eblonne.     The  litre  of  hydrogen,  or  of  chlorine,  then,  contains 
molecules,  but  1000  atoms, — each  molecule  of  the  simple  gas 
ng  made  up  of  two  atoms  of  the  single  element,  just  as  each 
moltfcule  of  the  compound  gaa  under  review  is  composed  of  two 
•ms,  one  of  hydrogen  and  one  of  chlorine.     It  is  clear  that  this 
(Irain  of  reasoning  is  independent  of  the  particular  nuracricil 
Yftlue  assumed  as  the  number  of  molecules  in  two  litres  of  chlor- 
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^ydric  acid.     If,  thereforts  tho  mDlecule  of  chlorhydrio  add  is 
represented  by  the  formula  HCl,  aad  the  dittgrttm 


H 

+ 

CI 

= 

HCl 

therp  is  good  reMon  to  assign  to  free  hydro^^en  and  free  cMorine 
the  formulsB  HH  and  ClCl,  and  to  roprcs^nt  the  constitution  of 
all  uncombined  gases  by  such  diagrams  as 


H 

+ 

H 

HH 


a 

+ 

Cl 

cia 


Upon  these  models  the  molecular  formula;  of  all  the  elements 
with  which  we  have  become  acquainted  might  readily  be  written. 
It  ia  only  in  a/i*e«  state  that  the  elomentary  gases  and  vapors  are 
thus  conceived  to  exist  as  molecules ;  when  they  enter  into  com- 
bination, it  is  by  atoms  rather  than  by  molecules.  An  atom  of 
hydrogen  unites  with  an  atom  of  chlorine ;  three  atoms  of  hydro- 
gen cctmbine  with  one  of  nitrogen. 

If  this  view  of  the  molecular  structure  of  fh>e  elementary  gases 
and  vapors  be  correct,  perfect  consisteticy  would  require  that  no 
©(juation  should  ever  be  written  in  »ucb  a  manner  as  to  represent 
less  than  two  atoms,  or  one  molecule,  of  an  clement  in  a  free  stata 
as  either  entering  into  or  issuing  from  a  chemical  reaction.  Thus 
instead  of  H,  +  0==H/>,  N  +  3H=NH„  HCl-HNa=NaCl  +  H, 
it  would  he  necessary  to  write 

2HH  -h  00  ^  2Hp,  NN  +  3HH  =  2NH^ 

2HC1  +  NaXa  =  2Naa  +   HH, 

We  have  not  heretofore  conformed  to  this  theoretical  mle^  and 
do  not  propose  to  do  so  in  the  succeeding  pages,  and  this  for  two 
reasons : — iirst,  because  many  equations,  repnisenUngcheniical  re- 
actions, must  be  multiplied  by  two  in  order  to  bring  them  into  con- 
formity with  this  hypothesis  concerning  molecular  structure;  the 
e*^uations  are  thus  rendered  uuduly  complex  \  secondly,  bccauae, 
in  undertaking  to  make  chemical  equations  exprena  the  molecular 
constitution  of  elements  and  compounds,  as  well  as  the  equality 
of  the  atomic  weights  on  each  side  of  the  sigTi  of  equality,  there 
is  imminent  danger  of  taking  the  student  away  from  the  supo 
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ground  of  fact  and  experimental  demonstration,  into  an  unoer- 
tain  region  of  hypotheses  based  only  on  definitions  and  analogies. 
The  symbol  Na  represents  23  proportional  parts  by  weight  of  the 
metal  sodium  ;  of  the  molecular  symbol  NaNa,  the  most  that  can 
be  said  is,  that  some  strong  analogies  justify  us  in  assuming,  for 
the  present,  in  default  of  any  experimental  evidence  on  the  sub- 
ject, that  a  molecttle  of  free  sodium  gas»  if  we  could  get  at  it, 
would  be  found  to  consist  of  two  least  combining  parts  by  weight 
of  sodium.  We  know  as  much^  at  least,  of  the  molecular  struo- 
tore  of  sodium  as  we  do  of  four-fifths  of  the  recognized  chomieal 
elements.  For  the  present^  the  bi atomic  structure  of  the  molo- 
cule  of  a  simple  gas  or  vapor  in  the  free  state  must  take  plao6»  in 
an  elementary  manual,  as  an  ingenious  and  philosophical  hypCH 
tiiesLs,  rather  than  aa  a  general  and  indubitable  IacL 
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262.  Phosphorus  occurs  somewhat  abundantly  and  rery  widely 
diffused  in  nature.  It  is  never  found  in  the  free  state,  but  almost 
always  in  combination  with  oxygen  and  some  one  of  the  mctala. 
The  most  abundant  of  its  compounds  is  phosphate  of  calcium ; 
small  quantities  of  this  mineral  are  found  in  most  rocks  and  soila» 
snd  in  several  localities  it  occurs  in  large  beds.  Phosphate  of 
calcium  is  the  chief  mineral  constituent  of  the  bones  of  animals; 
it  contains  one -fifth  of  its  own  weight  of  phosphorus.  The  pro- 
portion of  phosphorus  present  in  most  of  the  ordinary  rocka,  and 
in  the  soils  which  have  resulted  from  their  disintegration,  is 
xtsiially  very  small^  and  phosphorus  would  be  an  ezceedinglj 
ooatly  substance  if  we  were  compelled  to  collect  it  directly  from 
this  source ;  but  it  bo  happens  that  the  phosphorus-compounds 
are  important  articles  of  food  for  plants  and  animals,  and  it  lA 
easy  to  obtain  through  their  intervention  the  phosphorus  which, 
WIS  before  widely  diffused,  but  has  been  by  them  concentrated* 


ORBIKABT  FQDSI*fiDH1TS. 


Growing  plants  aeek  out  and  collect  the  traces  of  phosphorns- 
compounds  which  exist  in  the  soil ;  the  herhivorous  animals  in 
their  turn  consume  the  phosphorus  which  has  been  accumulated 
by  the  plants,  and  frora  the  hones  of  animals  chemista  and  manu- 
facturers derive  the  phosphorus  of  which  thej  stand  in  need. 

Like  oxygen  and  sulphur,  phosphonis  occurs  in  several  distinct 
allotropic  modifictitions.  Of  these*  the  bcst-known  are  ealled  re- 
spectively ordinary  phosphorus  and  red  phosphorus, 

263.  Ordinary  phosphorus,  when  perfectly  pure,  la  a  trans- 
parent^  colorless,  wax-like  solid  of  1*8  specific  gravity,  which,  when 
freshly  cut,  emits  an  odor  Hke  garlic,  though  under  ordinary  con- 
ditions this  odor  is  overpowered  by  the  odor  of  ozone,  which,  as 
has  been  previously  stated  (§  164),  is  developed  when  phosphorus 
ie  exposed  to  the  air.  It  unites  with  oxygen  readily,  even  at  tha 
ordinary  temperature  of  the  air,  and  with  great  energy  at  some- 
what higher  temperatures  (above  60^) ;  when  in  contact  with  air 
it  is  all  the  while  undergoing  slow  combustion. 

£xp,  106*  Thorouglily  wash  a  piece  of  phoflphoma  by  rinaing  it  in 
fluccensive  hiTgro  qimiitities  of  water;  place  it,  for  a  moment,  upon  a 
sheet  of  iiltcr-paper,  in  cirder  that  a  portion  of  the  water  adhering  to 
it  may  be  removed,  then  lay  it  upon  a  clean  porc^elain  cajisule,  aiid  at 
short  intervalB  press  against  it  a  slip  of  blue  Htrmia  paper.  In  a  very 
few  momenta  the  color  of  the  paper  will  be  chan^^ed  to  red ;  for  the  pro- 
ducts of  the  oxidation  of  pho^^phorus  aze  acid,  and  they  are  formed 
with  great  rapidity. 

If  the  temperature  of  the  slowly  burning  phosphoniH  be  slightly 
increased  in  any  way,  the  mass  will  burst  into  Ha  me  and  be  rapidly 
consumed.  On  account  of  this  extreme  ittdamm  ability,  phnaphorus 
must  always  be  kept  tiuder  water ;  it  is  best  also  to  cut  it  under 
Wat^T,  le^t  it  become  heated  to  the  kindlins'-point  by  the  warmth 
of  the  hand  or  by  friction  against  the  knife.  When  wanted  for 
use,  the  phosphonie  is  taken  from  the  water  and  dried  by  gently 
pressing  it  between  pieces  of  blotting-paper. 

Phosphorus  must  always  be  handled  with  great  caution  ;  for 
when  once  on  fire,  it  is  exceedingly  difficult  to  extingnish  it,  and, 
in  case  it  happens  to  btim  upon  the  flesh,  painful  wounds  are  in- 
flicted, which  are  exceedingly  difficult  to  heal*  Whenever  phoa- 
phorua  is  cut  or  broken,  cure  must  likewise  to  taken  Uiat  no  small 
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fragments  of  it  fall  nnobserved  into  cracks  of  the  table  or  floor, 
wheore  they  might  subsequently  take  fire. 

-Erp.  107. — Nip  a  piece  of  phosphorus,  as  large  a«  a  small  pea,  be- 
tween two  bits  of  wood,  in  such  manner  that  a  part  of  the  pho^phoniii 
•hall  project  below  the  wood ;  nib  the  phosphorus  stronjrly  upon  a  sheet 
of  coarse  paper ;  it  will  take  fire  at  the  temperature  developed  hy  the 
Mction. 

264.  On  account  of  this  easy  inflammability  by  friction i  phoB- 
phoruB  is  extensively  employed  for  making  matches.  The  matter 
upon  the  end  of  an  ordinary  friction  match  usually  coutnins  a 
little  phosphorus,  tog-ether  with  some  substance  capable  of  sup- 
plying oxygen,  such  as  red-lead,  black  oxide  of  manganese,  salt- 
petre, or  chlorate  of  potassium.  The  phosphoruB  and  the  oxidizing 
agent  are  kneaded  into  a  paste  made  of  glue  or  gum,  and  the 
woodon  match-aticks,  the  ends  of  which  have  previously  been 
dipped  in  melted  sulphur,  are  touched  to  the  surface  of  the  phoe- 
phorited  paste,  so  that  the  sulphured  points  shall  receive  a  coating 
of  it.  The  sulphur  serves  merely  as  a  kindling  material  which, 
as  it  were,  passes  along  the  fire  from  the  phosphorus  to  the  wood. 
By  nibbing  the  dried,  coaled  point  of  the  match  agaiDst  a  rough 
euifii^,  heat  enough  is  developed  to  bring  about  chemical  action 
between  the  phosphorus  and  the  oxygen  of  the  other  ingredient, 
oombustion  ensues,  the  sulphur  becomes  hot  enough  to  take  on 
oxygen  from  the  air,  and  finally  the  wood  is  iiiYolved  in  the  play 
of  chemical  force. 

£rp,  lOfi, — ^Put  a  piece  of  phosphorus,  as  big  as  a  grain  of  wheat^ 
upon  a  piece  of  filter-paper,  and  sprinkle  over  it  some  lampblnek  or 
powdered  bone-black  The  phosphorus  will  melt  after  a  time,  and  will 
tinally  take  fire.  As  will  b*?  more  fully  explained  hereafter,  under 
carbcin,  the  porous,  finely  diTidod  lamphlnck  has  the  power  of  absorb- 
ing and  condensing  within  its  pores  much  oxygen  fr«>m  the  air ;  heat 
is  developed  by  the  act  of  conden.?ation,  and,  at  the  e:ime  time,  oxygen 
ia  brought  into  very  intimate  contact  with  the  phci«phoru?i,  particulftrly 
with  the  vapor  of  phosphorus  which  is  condensed  by  the  lampblack 
tOirether  with  the  oxy;;en,  so  that  chemical  action  soon  results,  and 
ultimatelv  fire.  Hoth  the  bnipblack  and  iht^  paper  are  bad  conductorB 
of  b*Hit;  they  prevent  the  phosphorus  from  losing  the  heat  developed 
by  the  condensation  and  hy  the  slow  action  of  oxygen. 

It  is  rvmArkable  that  when  dry  phosphorus,  in  verv  thin  slicef,  is 
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laid  upon  fine  feathsw,  wool,  lint,  flannel,  diy  wood^or  other  non-enQ* 
ducting  nubslattt;t*s,  it  quickly  melta,  and  readily  inflames  upon  the 
slightest  frictioo,  heat  enough  beiut.^  produced  by  the  sluw  combuMlon 
of  the  p}io»phurus  to  fuse  it,  if  only  this  heat  can  be  retained  by  some 
bad  condiiclor, 

265*  At  the  ordioaiy  temperature  of  the  air,  and  atiU  more 
at  somewhat  higher  temperatures,  phosphorus  shines  with  a 
greenish -white  light,  as  may  be  s^en  by  placing  the  phosphorua 
in  the  dark  ;  hence  the  n.irae,  phosphorus,  from  Greek  words  sig- 
nifying light- hearing.  This  phosphorescence  is  seen  when  an 
ordlnur}'  friction -match  is  rubbed  against  any  auriiice  in  a  dork 
room.  Although  the  phenomena  of  phosphorescence  and  of  oxida- 
tion, or  elow  combustion,  occur  simultaneously  when  pho'iphomB 
ia  exposed  to  the  air,  it  does  not  appear  that  the  phosphorescence 
is  a  consequence  of  the  oxidation  ;  for  phosphorus  shines  not  only 
in  the  air,  but  also  when  placed  in  an  atmosphere  of  pure  hydro- 
gen, or  nitrogen,  or  carbonic  acid,  or  even  in  a  vacuum,  though 
the  light  emitted  by  phosphorus  in  these  inert  gases  is  of  difiareat 
appearance  from  that  developed  in  presence  of  oxj-gen. 

266,  In  warm  weather  phosphonis  is  soft  and  somewhat 
flexible ;  it  may  then  bo  bent  without  breaking,  can  be  scratched 
with  the  nail  and  cut  with  a  knife  like  wax ;  but  at  0"^  it  ia  hrittlai 
and  exhibits  a  crystalline  fracture  when  broken.  It  melts  at 
44°,  forming  a  viscid  oily  liquid,  which  boils  at  about  290"^,  and 
is  converted  into  colorless  vapor,  Phosphonis  can  readily  be  dia- 
tilled  in  a  retort  filled  with  some  inert  gns,  like  hydrogen,  nitro- 
gen, or  carbonic  acid.  The  speeiftc  gravity  of  its  vapor  has  been 
found  to  be  62*1,  Contrary  to  iill  our  previous  experience,  how- 
over,  the  density  of  phosphorus  is  not  identical  with  its  atomic 
weight,  a  point  which  will  be  discussed  when  the  compounds  of 
phosphorus  and  hydrogen  are  treated  of. 

On  being  heated  to  about  230*^,  out  of  contact  with  air,  it  ia 
converted  into  red  phosphonis,  (See  Exp,  111.)  By  exposure 
to  light,  also,  phosphorus  undergoes  a  certain  amount  of  change ; 
hence  it  is  rarely  seen  in  the  perfectly  colorless^  transparent  con- 
dition wliich  it  exhibits  when  recently  prepared  and  perfectly 
pure.  The  phosphorus  of  commerce  la  usually  of  a  liglit  amber- 
color.     When  kept  for  some  timtj  under  water,  phosphorus  be- 
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feoven'd  with  a  white  opaque  coating',  which  apponrs  to  be 
of  the  oxidizing  action  of  air  held  in  solution  l)y  the 
water  ;  the  surface  of  the  phosphorus  is  iiregularl}"  corroded  by 
this  dissolved  oxygen,  and  is  thus  roughened  and  made  opaque, 
in  much  the  same  way  that  the  transparency  of  glasa  is  destroyed 
by  grinding  one  of  its  surfaces.  It  is  noticed,  for  that  matter, 
that  the  water  in  which  phosphonis  is  kept  soon  becomes  str*  n^Iy 
acid ;  for  it  dissolves  the  oxvirenated  compounds  which  are  pro- 
duced by  the  action  of  the  dissolved  air  upon  the  phosphorus. 
The  irpecific  heat  of  solid  phosphorus  is  0'1788;    of  liquid  phos- 

»rus,  0'2045.     It  is  a  non-conductor  of  electricity,  both  in  the 

id  and  in  the  liquid  state. 

Phosphorus  is  insoluble  in  water,  hut  is  somewhat  soluble  in 
ether,  petroleum,  benzine,  oil  of  turpentine,  and  other  oils ;  it 
diftsolves  abundantly  in  bisulphide  of  carbon,  in  chloride  of  sul- 
f»hiir,  and  in  sulphide  of  phosphorus. 

JSjy,  109, — Pour  into  a  phinl  of  the  capivcity  of  80  or  fK)  c.  c,  10 
er  12  a  c  of  bisulphide  of  carbon,  and  throw  into  this  liquid  a  bit  of 
pbo«phora9  as  lar^e  as  a  pea.  Cork  the  phial,  and  shake  its  coiitunfa, 
at  intcrvoJs<»  until  the  phosphonis  has  dissolved.  Preserve  the  solution 
for  use  in  subi^quent  experiments. 

207.  From  the  solution  in  chloride  of  sulphur  and  from  that  In 
cnlplude  of  phosphorus,  crystals  of  phosphorus,  usually  in  the 
form  either  of  regTilar  octahedrons  or  of  rhombic  dodecahedrons, 
can  be  obtained  ;  but,  owing:  to  the  slowness  with  which  phos- 
phorus pa«se«  from  the  liquid  to  the  solid  state,  distinct  crystals 
cannot  readily-  be  prepared  by  the  method  of  fusion,  unless  a 
comparatively  large  quantity  of  phosphorus  be  operated  tipon* 

*Ji}H.  When  a  solution  of  phosphorus  in  ether,  or,  better,  in 
bijtuljjhide  of  carbon,  is  poured  upon  the  surface  of  any  porous 
gabstanoe  and  left  to  evaporate  in  the  air,  the  volatile  ^Ivent  will 
qaickly  escape,  leaving  the  phosphorus  behind  in  a  very  finely 
dirided  condition.  In  proportion  as  a  substance  is  more  finely 
dijri'led,  the  greater  will  be  the  suiface  which  it  present^*  to  the 
axygon  of  the  air,  and  the  more  reafhly  will  it  combine  with  thia 
oxygen.  In  the  ease  before  us,  the  comminuted  phosphorus  ab- 
wofka  oxygen  very  rapidly,  and  this  chemical  action  is  attended 
vilii  the  evolution  of  ao  much  heat  that  the  phosphorus  wiU  tako 
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fire,  if  the  material  upon  which  it  has  been  deposited  ia  a  had 
conductor  of  heat. 

JBirp.  110,*— Pour  some  of  the  solution  of  phosphorus  obtained  ii> 
Exp.  100^  upoD  a  slieet  of  filter-paper,  and  hang  the  paper  upon  the 
iron  6tand  in  such  mann**r  that  the  bisulphlda  oi  carbon  mfty  freely 
evaporate*  The  paper  will  soon  burst  into  tlame.  It  will  be  noticed 
that  the  paper  is  not  completely  conamnedj  but  that  a  verj  considerable 
leaidue  of  carbon  remains  unburned.  This  depends  upon  the  fact  that 
the  product  of  the  conibu«tion  of  the  phosphorus,  phosphoric  acid, 
quickly  covers  the  paper  with  a  vami^h  which  h  not  only  incombustible 
m  itself,  but  is  quite  impervious  to  air. 

In  lack  of  hi^olphide  of  carbon,  this  experiment  can  be  peiformed 
with  the  etliei'eal  solution  of  phoaphorua,  prepared  in  the  manner  de- 
ecribed  in  Exp.  109,  excepting  that  common  ether  is  8ub.<«tttuted  for 
the  biaulphide,  and  that  the  mixture  is  left  to  digest  for  a  day  or  twg^- 

269,  Ordinary  phosphorus  is  a  violent  poison,  a  few  decigram*! 
mes  of  it  being  auflicient  to  deatroy  human  life.  It  is  the  efficient 
ingretiient  of  many  preparations  nsed  for  poisoning  rats,  cock- 
roaches, and  other  vermin.  Phosphonis  evaporates  rather  froely 
at  the  ordinary  tcmporature  of  the  air ;  and  the  vapor  bus  been 
found  to  bo  exceedingly  injurious  to  persons  constantly  exposed 
to  it  The  makers  of  friction  matchea  are  subject  to  a  hoiriblo 
wasting  disease,  one  of  the  symptoms  of  which  ia  the  destnictioa 
of  the  bones  of  the  jaws. 

270*  'When  phosphorus  burns  with  flame  in  free  air,  two  atoms 
of  it  unite  with  five  atoms  of  oxygen,  and  there  is  formed  tha 
compound  of  Ffi^ ;  this  highest  oxide  of  phosphorus  is  oalled 
phoephorio  acid.  This  compound  occurs  in  bones,  and  fi'om  it 
phosphorus  is  prepared.  Bone-earth,  that  portion  of  bones  which 
remains  after  all  the  organic  matter  has  been  burnt  off  in  the 
fire,  consists  mainly  of  triphosphate  of  calcium,  Ca^P^O^,  In 
order  to  obtain  phosphorus  from  bone-earth,  the  calcium  and  th^ 
oxygen  must  both  be  removed;  the  ctUcium  is  removed  by  me 
of  sulphuric  acid,  the  oxygen  by  means  of  hot  charcoal.  Bone 
are  burnt  to  a  white  ash  (calcined,  as  the  term  is),  then  finely 
powdered  and  mixed  with  a  quantity  of  dilute  sulphuric  add. 
The  milphuriu  acid  n^moves  two  of  the  atoms  of  calcium  and 
forms  sulphate  of  calcium^  while  there  remains  mouophospliAto  of 
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calcium  (superphosphate  of  lime)  in  accordance  with  the  follow- 
ing reaction : — ■ 

Ca,P,0,  +  2H^S0^  =  CaH^PA  +  2CaS0^, 

It  will  be  remembered  that  one  atom  of  calcium  replaces  two 
atoms  of  hydrogen.  (Bee  p.  89.) 

The  solution  of  monophosphate  of  calcium  is  then  filtered  off 
the  insoluble  aulpliate  of  calcium,  and  evn))oratcd  to  the 
stence  of  syrup ;  the  synip  is  mired  with  powdered  charcoaU 
ftud  the  mixture  dried  at  a  dull  red  heat ;  by  thij»  means  a  quan- 
ti^  of  water  is  expelled  from  the  monophosphate  : — 

CaH^Pp^  =  CaP.O.  +  2Hp. 

The  porous  dry  mixture  is  finally  placed  in  retorts  of  fireclay 
and  intensely  ignited.  At  high  temperatures,  churooal  is  a 
powerful  deoxidizing  agent;  it  takes  away  oxj'^gen  from  the 
phosphate  of  ciilciura,  and  forms  carbonic  oxide,  which  goes  off 
as  a  gas ;  phosphorus  is  thus  set  free,  and  distilling  over  into  an 
appropriate  receiver,  is  condensed  under  cold  water,  a  quantity 
ol  tiiphoiiphate  of  calcium  is  at  the  same  time  reproduced  and 
rsmains  in  the  retort : — 

SCaP^O.  +  IOC  ^  lOCO  +  4P  ^  Ca,P,^0^, 
If  a  quantity  of  sand  (silicic  acid)  be  added  to  the  mixture  of 
csliarcoal  and  monophosphate,  the  whole  of  the  phosphorus  «^an 
be  «3cpelled, — the  phosphate  of  cdcium,  which  would  otherwise 
aidape  decomposition,  being  entirely  eonyerted  into  silicate  of 
calcium, 

2CaP^0,  +  2SiO^  4^  IOC  =   lOCO  +  4P  +  2CaSiO,. 
Another  proposed  method  is  to  pass  chlorhydric  acid  gas  OTer  a 
mixture  of  bone  phosphate  and  charcoal,  maintained  at  a  red 
heat,  in  a  cylinder  of  fireclay.     By  this  means  all  of  the  phos* 
phoms  is  set  free  and  chloride  of  calcium  remains  : — 

C*^,0,  -I-  8C  4-  6HC1  ^  3CaCl,  +  HCO  +   tiH  +  2P. 
The  crude  phosphorus  thus  obtained  is  remelted,  and  purified  by 
filtration,  redistillation*  and  by  chemical  treatment  with  a  mixture 
of  '  :e  of  potMssinm  and  sulphuric  acid,  which  oxidizes 

tJii   ^  lI  contaminations.     The  purified  phosphorus  i^  finally 
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remelted  and  cast  into  tlie  sticks  or  cakes  in  which  it  la  lound  in 
oonnnerce, 

271.  Red  Phosphorus, — This  remarkable  aJlotropic  modifica- 
tion  of  phosphorus  is  a  body  as  unlike  ordinate  phosphorus  ill 
moat  reapects  as  could  well  be  conceived.     It  is  of  a  scarlet- red 

[  eolor,  has  neither  odor  nor  taste,  is  not  poisonous  so  far  as  is 
I  known,  is  not  phosphorescent,  does  not  take  fti*e  at  ordinary  tem- 
[  peratures,  is  insoluble  in  bisulphide  of  carbon,  and  in  general 
I  behaves  altogether  differently  from  the  ordinary  modification. 
Tet  it  is  no  difficult  matter  to  change  one  of  these  modiii cations 
into  the  other.     For  example,  if  red  phosphorus  he  heated  to 
about  200*^,  in  an  atmosphere  of  nitrog:en,  or  other  inert  gas»  it 
will  pass  into  the  condition  of  ordinary  phosphorus  ^iithout  under- 
going any  alreration  of  weight,  or,  in  other  words,  without  ab- 
aorbing  or  disengaging  anything. 

JErp.  11 L — In  a  narrow  glass  tube^  No.  6,  about  30  cm*  lon^  and 
closed  at  one  end,  place  a  quantity  of  red  phosphorus  as  lar-^e  as  a  small 
pea  \  heat  the  phosphorus  gently  over  the  fraH-l«mp,  and  note  that  a 
sublimate  of  a  light-colored  substance  is  quickly  deposited  upon  the 
cold  walls  of  the  lube  a  abort  distance  above  the  heated  portion*  This 
light-coloii*d  i^uhlimate  is  ordinary  phosphorus,  as  may  be  shown  by 
cutting  off  the  tube  just  below  the  sublimate,  after  the  glass  has  been 
allowed  to  cool,  and  then  scratching  the  coating  with  apiece  of  wire; 
thecoatirig  wiU  take  tire.  The  air  in  the  narrow  tube  employed  is  de- 
prived of  its  oxygon  by  the  combustion  of  a  ^mall  portion  of  the  phoa* 
phorus  at  the  moment  of  its  iransfommtion  from  the  red  t^  tlie  oidinary 
condition  ;  the  remaining  phosphorus  is  thus  enveloped  in  nitrogen  and 
00  protected  from  further  loss. 

272.  Red  phosphorus  is  itself  neither  volatile  nor  inflammable; 
it  neither  rises  as  vapor  nor  intlames  at  temperatures  lower  than 
260^»  the  point  at  which  it  changes  into  ordinary  phosphorus ;  at 
250**  it  suffers  no  alteration.  As  compared  with  ordinary  phos- 
phorus, it  may  be  said  that  red  phosphorus  can  bo  handled 
without  danger,  and  that  it  may  be  kept  in  bottles  without 
special  precautions,  since  it  is  not  liable  to  take  fire  by  moderate 
friction ;  but  by  powerful  friction  heat  enough  may  be  evolved  to 
oonvort  it  into  ordinary*  phosphorus,  and  if  it  be  even  moderately 
heated,  by  friction,  or  in  any  other  way,  in  contact  with  oxidizing 
agents,  it  instantly  bursts  into  fljune 
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Mm,  112. — ^In  order  to  observe  the  comparatiye  dlfficuHv  of  inflft- 
ming  red  phosphorusjay  an  inverted  cover  of  a  porcekin  crucbk  upon 
no  iron  triaogle  upon  the  lamp-stand ;  place  upon  tlie  covi^^  which  maj 
be  15  cm.  wide^  a^njall  bit  of  ordinary  phosphorus,  Hnd»  at  »a  distance 
of  12  c.m,^  the  same  quantity  ol  red  phosphorus ;  htat  the  cover  gently 
And  gradually  over  the  gas^lamp.  The  ordinary  phosphorus  will  soon 
int^ame  and  bum  away ;  but  a  considerable  apace  of  time  ^  ill  elapse 
befor.'  the  red  phosphorus  takes  fire. 

B/  operating  in  vessels  tilled  with  nitrogen,  or  fiome  other  ^os  which 
had  no  chemical  action  upon  phosphorua,  the  precise  temperature  at 
which  tlie  red  phosphorus  ceases  to  exist  can  be  noted,  and  the  ordi- 
I3»rj  phosphorus  obtained  from  it  can  be  distilled  over  and  collected. 

273.  Ked  phosphorus  has  been  obtained  in  crystals  by  dissolving 
oomiaon  phosphorus  in  melted  lead,  and  subjecting  the  tluid  mass 
to  a  high  temperature  for  several  hours  in  closed  tubes*  When  tho 
lead  cools,  the  phosphorus  separates  in  thin  ciystals,  which  have 
a  metallic  lastre  and  a  black  color  ;  the  crystals,  however,  trans- 
mit a  yellowish-red  light,  and  the  thinnest  of  them  appear^  not 
black,  but  red  These  erj'stals  of  red  phosphorus  ai-e  generally 
enveloped  in  the  lead  ;  but  the  lead  may  be  mostly  dissolved  away 
by  dilute  nitric  acid,  and  the  phosphorus  crystals  may  thus  be 
obtained  in  a  condition  of  comparative  purity.  They  are  not 
affected  by  exposure  to  the  air.  These  crystals  are  seen  under 
the  microscope  to  be  rhombohedrons ;  so  that  phosphorus,  like  the 
auoceeding  members  of  the  family  of  elements  to  which  it  belongs, 
ll  dimorphous,  presenting  forms  both  of  the  monomc  trie  and  hexa- 
gonal systems. 

The  red  vanety  of  phosphorus  has  been  not  innjitiy  called 
mftiiUi€  phosphorus,  crystallized  in  the  crystals  just  described,  and 

norphous  in  the  usual  form  of  red  phosphorus.  The  crystallized 
allie  phosphorus  is  less  volatile,  and  has  a  higher  speciEc 
gravity  than  tlie  amorphous.  The  power  of  the  so-called  metallic 
pbo?:phom8  to  conduct  electricity  is  small,  if  compared  with  that 
of  the  common  metals,  but  it  is  very  much  greater  than  the  con- 
dncting'power  of  colorless  phosphorus,  for  this  latter  substance  is 
generally  classed  with  the  insulators. 

The  q>ecific  gravi1:y  of  amorphous  red  phosphorus  is  2'14 ;  its 
specific  heat  is  0-1 G98.  Wlien  dry,  it  undergoes  no  change  at  the 
ordinaiy  temperatore  of  the  air ;  but  in  moist  air  it  oxidises  very 
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slowly.  It  is  enHily  soluble  in  nitric  acid,  which  oxidizes  it ;  and 
since  it  U  much  more  readily  dissolved  than  ordinary  phosphorus, 
the  latter  can  be  purified  from  any  contamination  of  red  phoe* 
phoms,  by  digesting  it  at  a  geotle  heat  in  dilute  nitric  acid, 

274.  Amorphous  red  phosphorus  is  prepared  by  maintaining 
ordinary  phosphorus,  for  some  time,  at  a  temperature  of  230°  to 
235"^,  cither  under  water  la  an  air-tight  vessel,  or  in  an  atmo- 
sphere of  some  gas  which  has  no  chemit^al  action  upon  phosphorus. 
It  i^  manufactm^ed  upon  the  large  acalo  by  heating  ordinary 
phospliorLLS  in  a  cast-iron  vessel  provided  with  a  gas  delivery-tube 
dipping  into  mercury  outside  the  vessel, in  such  manner  that,  while 
the  expanded  air  and  soma  escaping  vapors  of  phosphorus  can 
pass  out,  no  air  can  enter  the  vessel.  About  200  kilos,  of  phoa- 
phorus  are  taken  for  a  single  charge ;  this  quantity  of  phosphoma 
maintained  during  ten  days  or  more,  as  nearly  as  may  be,  at 
the  temperature  of  240°,  car©  being  taken  that  the  heat  shall,  at 
no  time,  much  exceed  thk  limit  Under  the.se  conditions,  the 
ordinary  phosphorus  slowly  changes  into  the  red  vaiiety.  After 
iie  phosphorus  has  been  exposed  dii  "  :  the  time  which  the  pre- 
f  tIous  experience  of  the  manufactnrer  has  shown  to  be  most  advan- 
tageous, the  apparatus  is  allowed  to  become  cold,  and  the  trans- 
muted phosphorus  is  found  adheiing  to  the  sides  of  the  vessel,  in 
the  shape  of  a  liard,  brittle,  bnck-c-olored  coating,  which  can  ba 
removed  by  means  of  hammer  and  chiaci,  after  covering  it  with 
water.  It  is  ground  to  powder  under  water,  and  any  particles 
of  ordinary  phosphorus  which  have  escaped  change  are  removed 
from  it  by  mean?i  of  bisulphide  of  carbon,  or  by  a  solution  of 
caustic  soda,  which  dissolves  ordinary  phosphorus  without  acting 
upon  the  red  modification, 

275.  Bed  phosphorus  is  employed,  to  a  certjun  ext'Mif,  ;«s  an 
^  adjunct  to  the  so-called  safttif-mfitches.  l^uch  matches  i.nitaiii 
BO  phos|)horus  in  themselves,  and  will  not  take  fire  readily  by 
friction  upon  an  ordinary  rough  surface,  though  they  burst  into 
flame  at  once  when  ruhhed  upon  a  surfaee  specially  prepared 
with  red  phosphorus.  The  matter  upon  the  tips  of  safety -matches 
is  usually  a  mixture  of  chlorate  of  potassium  and  sulphide  of 
antimony,  made  into  a  paste  by  means  of  glue  ;  the  surface  ttpoa 
which  the  match  is  to  be  ruhhed  is  composed  of  red  phos]jhoru8, 
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k  oxide  of  manganGse,  and  glue.  In  favor  of  the  use  of  red 
phosphoniB  for  matches  are  the  faois,  that,  uDUke  ordinary  phos- 
phorus, it  18  not  deleterious  to  the  workmen  who  have  to  deal 
with  it,  and  that  it  is  far  less  liable  to  he  eet  on  Ero  bj  accidental 
friction.  For  these  reasons,  the  manufacture  of  safety-matches 
has  been  encouraged  by  the  governments  of  several  European 
countries^  and  such  matches  are  now  much  need  in  France  and 
npon  other  parts  of  the  continent,  though  they  are  manifestly  less 
convenient,  in  several  respects,  than  the  ordinary  matches,  which 
can  be  igaited  by  friction  upon  any  rough  surface. 

276.  Phosphorus  combines  readily  with  many  other  elements 
besides  oxygen,  llie  ordinary  modification  of  phosphorus  com- 
bines violently  with  sulphur  at  temperatures  near  the  melting- 
point  of  sulphur,  the  act  of  combination  being  attended  with  vivid 
combustion  and  loud  expbjsion.  lied  phosphorus,  on  the  other 
band,  does  not  combine  with  snlphvir  at  temperatures  lower  than 
230°,  and  the  combustion^  though  rapid,  is  not  explosive.  With 
dilorine,  bromine,  and  iodine,  ordinary  phosphorus  unites  directly 
at  the  ordinary  temperature  of  the  air,  the  combination  being 
rapid  and  attended  with  inflammation.  Bed  phosphonii^  also 
unites  with  chlorine,  bromine,  and  iodine  at  the  ordinary  tem- 
perature ;  and  much  heat  is  evolved  during  the  act  of  combination^ 
though  the  amount  of  heat  is  usually  in  sufficient  to  produce 
ignition. 

Phosphorus  unites  directly  with  most  of  the  metals  also ;  and 
aereral  of  the  compounds  thus  formed  closely  resemble  the  so- 
called  aUof/B,  or  compounds  of  one  metal  with  another.  With 
hydrogen  it  forms  several  interesting  compounds,  which  will  bo 
described  diretitly.  From  the  remarkable  facility  with  which  it 
eombines  with  oxygen  (§§  263.  204),  it  follows  necessarily  that 
phosphorus  is  a  powerful  reducing  agent.  Many  oxygen  com- 
pounds can  be  decomposed  by  means  of  it.  When  immersed  in 
the  vapor  of  anhydrous  snlpburic  ftcid,  phosphorus  takes  fire  after 
a  time,  and  combines  with  the  oxygen  of  the  acid,  while  sulphur 
IS  deposited.  Monohydratcd  sulphuric  acid  is  reduced  to  sul- 
phuroas  acid,  while  phosphorous  acid  is  fonned : — 

ZRpO^  +  2P  =  21£^P0,  +  380^ 
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A  sointion  of  stilphiirous  acid,  on  being  heated  with  phosphorus, 
yields  phosphorous  and  sulphydric  ncids,  aa  follows : — 

Wlien  g:ently  heated  with  ehlorate  or  with  nitrate  of  potassinm, 
or  with  otht'T  hii^hlj  oxvgenat^^d  bodies,  like  the  peroxides  of  lead 
and  manganese,  phosphorus  combines  with  their  oxygen  so  rapidly 
that  an  explosion  ensaes :  heat  enough  to  bring  about  the  reaction 
can  le  developed  by  gentle  friction,  as  when  the  phosphorus  nnd 
the  uther  ingredient  are  rubbed  together  upon  some  hard  surface, 
(Compare  §  264.) 

Mxjt.  113. — Provide  a  bit  of  ordinary  phosphorus,  as  large  aa  ii  pin** 
head,  also  an  equal  quantity  of  rf;?d  phospbonis  ;  add  to  each  of  these 
portiooB  enou^'h  liiitly  powdered  eblorate  of  potassium  to  cover  the 
pho«^pliorus ;  fold  up  each  of  the  mlttur*-'S  tiirhtly  nod  «M?parat«?Iy  in  a 
small  piece  of  wiiting-paper;  place  the  parcels,  one  nfLer  the  other, 
upon  an  anvil  and  stiike  ihem  shai-ply  with  a  hammer.  They  will  ex- 
plgde  with  violence, 

277*  Compounds  of  Phosphorus  aryf,  of  Hydrogen. — There  are 
three  compounds  of  phosphorus  and  hydrogen »  one  giweous,  PH,, 
one  liquid,  PH.j,  and  one  solid,  P^^H,  at  ordinary  temperatiiroa. 
The  gaseous  compound,  or,  rather,  the  gaseous  compound  chargt^d 
with  the  vapor  of  the  liquid  compound,  is  somewhat  interesting, 
from  the  fact  that  it  takes  tiro  spuntanoouijly  immedialely  on 
coming  into  contact  with  the  air. 

Krp.  1I4» — In  atlnn-hottomed  flask  of  about  140  c,  c.  rapacity,  put 
1  gramme  of  pliosphorus  and  115  c.  c.  of  pota^^h-lye  of  1*27  8i>eciriO 
gravity,  obtained  by  dis.^olving  40  grms.  of  hydrate  of  ^^tas^ium  in 
110  c»  c,  of  water.  Pour  two  or  three  drops  of  ether  upon  the  liquid 
in  the  neclc  of  the  flask,  then  doae  the  flask  with  a  cork  cjirrying  a  loa 
gan-dtdi very-tube  of  glass  No.  5.  Place  the  flask  over  the  gafi-lamp,n 
upon  the  wire-gfluxe  ring  of  the  iron  stand,  and  immerse  the  end  of 
the  delivery-tube  in  the  water-pan,  then  gently  heat  the  flask.  The 
ether  is  addt-tl  to  thfl  coutents  of  the  flask  in  order  that  the  last  trace 
of  air  may  be  expelled  from  the  flask  by  the  vapor  which  arises  from 
this  highly  volatile  hquid  so  soon  as  it  is  warmed. 

Aa  the  pottwh-'ye  becomes  hot.  small  hubbies  of  gas  will  be  seen  toj 
•rise  from  the  surface  of  the  phosphorus,  and  in  a  short  time  larj 
bubbla"*  of  *,^v'*  will  tfR<*Ape  from  the  delivery-tube;  each  of  the^e  bub- 
bles, aa  it  com^is  in  contact  with  the  uir  at  the  surface  of  the  Wttlur, 
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will  <^ont<*iieou8ly  buwt  into  flaroe,  and  burn  with  a  riTid  lig^bt  and 
the  formalion  of  benutifiil  rings  of  whit»*  smoke,  if  the  air  be  not  di»- 
tWTbed  by  draughts.  la  burning*  tbe  phosphuretted  hydrogen  is  con- 
LV«?rt*'d  into  phosphoric  acid  and  water^  or,  rather,  into  hydi'ated  ph«is- 
phonc  acid;  and  of  this  product  the  white  smoke  is,  of  course,  composed. 
3PH,  +  80  =  H,PjO,. 
p,  115, — Place  a  small  inverted  bottle  full  of  water  over  the  end 
I  delivery-tube  from  which  the  phosphuretted  hydrogen  is  osca- 
lin  Exp.  114,  and  collect  50  or  100  c.  c,  of  this  p\&.  By  fdngle 
i'psas  the  gas  thu-s  collected  into  a  litre  bottle  half-full  of  oxygen 
anding  inverted  upon  a  shelf  in  the  water-pan.  The  phosphuretted 
hydrogen  will  burn  much  more  vividly  in  oxygpn  than  in  the  air.  In 
f  however,  several  successive  bubbles  of  the  gas?  should  fail  to  in- 
rA«jne  on  coming  into  contact  with  the  oxygen,  the  experiment  must  be 
interrupted  and  the  oxygen  thrown  away,  for  the  introdiictiun  of  an- 
other bubble  of  phosphuretted  hydrogen  into  this  explosive  mixture 
might  set  tire  to  it  and  so  shatter  the  bottle. 

278.  The  reaction  which  occurs  during  the  preparation  of 
hoftphoretted  hydrogen  is  chiefly  between  water  and  phosphorus. 
Phoephonis  and  water  by  themselves  do  not  react  npon  each  other, 
but  when  in  presence  of  powerful  bases,  liko  soda,  potash,  lime, 
or  baryta,  water  is  decomposed  by  phosphorus  with  fornmtioii  both 
of  oxygenated  and  bydi-ogenized  phosphorus  compounds  i — 

8(X,0^0)  +  8P  H-  6H,0  =  2PH,  -f  3(K.fi,2Efi,Tfi). 

Hifjiophosphiie  of 

Another  method  of  obtaining  phosphuretted  hydrogen  in  by 
decomposing  phosphide  of  calcium  with  water. 

Mip,  116, — Prepare  a  number  of  pmall  balls  or  sticks  of  quick  lime 

•  nwrnlding  moistened  slaked  lime  into  these  forms  and  then  drying 

fttid  calcining  the  pr<>duct.     Select  a  tube  of  hard  glads,  No.  2,  close  it 

at  one  t^nd,  and  place  two  or  three  pieces  of  phosphorus  as  large  as 

peas  at  the  dosed  end ;  fill  the  tube  with  the  pellets  of  quick  lime, 

rMid  put  it  in  a  sheet-iron  trough  above  a  wire-gauze  gas-lamp^  in  the 

aanner  depicted  in  Fig.  S.    To  prevent  the  melted  phosphor^is  from 

owing  against  the  quick  lime,  an  iron  nail  may  be  laid  beneath  that 

|y«rt  of  the  trough  which  is  farthef^t  from  the  phosphonis,     1 1  eat  to 

I  the  portion  of  the  tube  which  cont/dns  the  lime^  and  then  caoaa 

>  vapor  of  phosphorus  to  pass  over  it  by  cautiously  heating  the  closed 

od  of  the  tube  with  an  oidinary  gas-laiup.    To  ensure  the  success  of 
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tlib  experiment,  tlint  portion  of  the  tiibt*  wbirh  contRins  the  phos- 
phorus must  b«  hented  eo  slowly  that  none  of  the  phosphorus  eaa.^ 
esmpe  uncombined  through  the  lime.     After  the  phosphorus  has  i 
been  drivpn  forward  from  the  closed  end  of  the  tube,  the  open  end  of* 
the  tube  should  be  stopped  with  a  cork  and  the  lamps  shouhi  be  ex- 
tin  priii  shed  ;  the  tube  is  then  left  at  rest  until  it  has  he«*ome  cold. 

Wheu  a  piece  of  the  impure  pbowpbide  of  cjilcinm  thus  obtained  is 
thrown  into  waterj  it  slowly  decomposes  with  rurmiition  of  hy}^iphos- 
phite  of  calcium  aud  dbengagement  of  phosphuvetted  hydroiren  j  |be 
bubbles  of  gas  tjike  fire  as  they  reach  the  surface  of  the  water. 

270*  Besides  the  spontaneously  inflammable  gas,  there  is  another 
variety  of  phosphuretted  hydrof^en  which  does  not  take  fire  of 
itself  in  the  air.  It  can  be  prepared  in  various  ways — for  exmtn|ilei 
by  heating  hypophosphorons  or  phosphorous  acids  (§§  2S0,  287)| 
these  acids  being  resolved  by  heat  into  phosphoric  add  and  phos- 
phuretted hydrogen : — 

HypophognhorouB  j  Empirical:  2H,P0j  =  PIT^  +  H^PO^, 


Acid. 


I  Diiali^itict  (JH,0,21V:)  =  -2PII3  +  m^O^VjO^, 


Pho54phoroua      J  Kmiuncal:  4rT,rO.  =  PH,  +  -ill.PO,, 
"^    Acid.  I  Dualistic :  4(3HjO,p30, )  :^2PiI,-h3(  ;tH,0,P,0;). 

f  non-inflammal>le  gas  is  regarded  as  pure  phosphuretted  hy- 
drogen, the  property  of  spontaneously  infiaming  possessed  by  tiie 
other  variety  being  supposed  to  depend  upon  the  presence  of 
minute  portions  of  some  foreign  substance ;  the  vapor  of  liquid 
phosphuretted  hydrogen,  PH^,  produces  this  effect;  on  adding 
to  the  non-inflammable  gas  so  email  a  quantity  as  i-^^^^^th  of  ito 
bulk  of  nitrie  oxide,  it  acquires  the  property  of  inflaming  spon- 
[  toneously. 

Pure  phosphuretted  hydrogen  gas  is  colorless  and  highly  in- 
flammable;  its  odor  is  fetid,  and  has  been  compared  to  that  of 
tainted  fish ;  it  is  slightly  soluble  in  water,  and  can  be  liqueBed, 
but  has  not  yet  been  solidified.  Neither  the  gas  nor  its  solutions 
have  any  action  on  red  or  blue  litmus.  It  is  a  powerful  deoxi- 
diEing  agent,  and  is,  in  general,  easily  dccompoaed.  Most  of  the 
metalf',  when  heated  in  the  gas,  combine  with  its  phosphorus  and 
liberate  its  hydrogen » just  as  we  have  seen  the  metal  potassium 
Bet  free  hydrogen  from  ammonia,  (Hee  p.  77.)  This  ready  de- 
composition of  the  gus  by  hot  metals  is  the  basis  of  the  method  of 
determining  its  composition  by  weight. 


^ 


AlTJU^rsiS  OF  FHOBFHUBXTTEB  9TI>R06^ir. 

J.  Phospburetted  hydrogen  ia  resolved  into  it«  two  eleiDentSi 
ftnd  the  proportional  weightu  of  the  elements  which  enter  into 
iiit  composition  are  simultaneously  detennined,  by  the  following 
procesa: — ^The  gas  is  passed  through  a  hard-glass  tube  (A, 
Fig.  45),  Wed  with  copper  turnings  and  heated  to  redness ;  the 

Rg.  45. 


^ copper  retains  all  the  phosphorus,  and  the  hydrogen  becomes  free. 
This  last  gas  is  carried  forward  through  a  second  tube,  5 »  filled 
with  oxide  of  copper  heated  to  redness ;  the  hydrogen  combines 
with  the  oxygen  of  the  oxide  of  copper,  and  the  steam  thus 
formed  is  condensed  and  absorbed  in  a  third  tube,  C,  filled  with 
^K     pnmice-stone  soaked  in  sulphuric  acid.   (Appendix,  §  15.)     The 
^1     tabes  A  and  0  are  weighed  both  before  and  after  the  experi- 
ment, and  the  augmentation  of  weight  gives  the  phosphorus  in 
A  and  the  water  in  C;  from  the  weight  of  the  water  is  calcu- 
lated the  weight  of  the  hydi'ogen  required  to  produce  it.     Care 
mu^  be  taken  that  the  tube  ^  be  heated  so  moderately  as  not 
^^      to  dihtort  it,  and  that  nothing  be  added  to  its  weight  by  deposi- 
^H     tions  from  the  lamp-flames  ubed  to  heat  it.     It  is  also  necessary 
^^      to  fill  the  tubes  with  nitrogen  gas  before  beginning  the  actual 
analysis,  and  to  sweep  them  out  with  nitrogen  at  the  end.     This 
operation  is  easily  performed  by  the  aid  of  a  small  gas-holder 
^—^     full  of  nitrogen.     It  has  thus  been  experimentally  proved  that 
^P     any  given  weight  of  phospburetted  hydrogen  contains  8*57  per 
^^      cent,  of  hydroy:en  and  91*43  per  cent*  of  phosphorus.     Now  it 
has  been  determined,  as  the  result  of  many  experiments  and  of 
a  careful  ooUation  of  the  formulffi  of  all  known  compoands  of 
phoRphorus,  tliat  the  least  proportional  weight  of  this  element 
which  enters  into  combiuation  is  31,  thut  of  hydrogen  being  1. 
Tte  proportion,         ^^.43  .  g.g^  ^  gj  .  , 


224 


ooicpoflinoir  of  PHOSPHUHirrrEP  nTHBOOEV. 


gives  as  tbe  value  of  x^  2*905,  The  nearest  whole  numhor  is  3 ; 
and  the  discrepaacy  may  be  attributed  to  defects  of  the  analy- 
tical process,  ahruys  specially  to  be  feared  in  cases  like  the  pre- 
sent, where  the  (juantity  of  one  ingredient  is  many  times  as  large 
tL3  that  of  the  other,  A  loss  of  matter,  or  error  in  weighing, 
which  would  amount  to  only  1  per  cent,  of  90  contigramme©, 
would  cause  an  error  of  more  than  11  per  cent,  on  8  centi- 
grammea.  The  analysis  clearly  points  to  the  formula  PH,  as 
representing^  the  composition  of  phosphuretted  hydrogen,  inas- 
much as  for  every  31  parts  by  weight  of  phosphorus,  the  gas 
contains  three  parts  by  weij3;ht  of  hydrogen.  This  result  is  par- 
tially corroborated  by  volumetric  analysis.  If  the  hydrogen  libe- 
rated from  any  measured  quantity  of  phosphuretted  hydrogen  by 
passing  the  gas  through  a  tube  filled  with  hot  metal,  be  accu- 
rately measured,  it  will  be  found  that,  for  every  two  volumes  of 
the  compound  gas,  three  volumes  of  hydrogen  are  set  free. 

Thus  far  the  composition  of  pliosphuretted  hydrogen  hftB 
seemed  to  be  completely  analogous  to  that  of  ammonia  gas  •  but 
at  this  point  the  analogy  fails.  In  ammonia,  three  parts  by 
weight  of  hydrogen  are  combined  with  fourteen  of  nitrogen,  and 
three  volumes  of  hydrogen  are  united  with  one  volume  of  nitro- 
gen to  form  two  volumes  of  the  compound  gas.  If  the  paral- 
lelism between  NH^  and  PH^,  were  perfect,  one  volume  of 
phosphorus- vapor  ought  to  bo  united  with  the  three  volumes  of 
hydrogen  which  two  volumes  of  phosphuretted  hydrogen  invari- 
ably contain.  The  densities  of  phosphorus- vapor  and  of  phos- 
phuretted hydrogen,  as  experimentally  determined,  prove  that 
this  is  not  the  case,  The  unit- volume  being  that  volume  of 
hydrogen  which  weighs  1, 

From  the  weight  of  2  unit-volumes  of  PH,  (ep.  gr.  =  17-09) .  .  84*18 
Subtract  the  weight  of  3  unit- volumes  of  hydrogen     ....    S<X) 


And  there  remains  for  the  weight  of  the  phosphorus-vapor  .     .  31'1B 

The  specifto  gravity,  or  relative  weight  of  one  unit-volume  of 
phosphorus-vapor,  is  62'1,  as  has  been  aJ ready  mentioned.  Two 
volumes  of  phosphuretted  hydrogen,  therefore,  contain,  not  one 
volume,  but  only  half  a  volume  of  phosphorus -vapor.  The  atom 
of  phosphorus  weighing  31,  combines  with  the  same  quantity  of 
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hydrogen  by  weight  as  the  atom  of  nitrogen  weighing  14 ;  but 
the  voliiTiie  of  the  pbosphorus  atom  is  only  one-half  the  volume 
of  the  nitrogen  ntom.  The  combining  weights  and  the  unit- 
volume  weights  of  all  the  elements  previously  studied  have  been 
idcutical ;  but  the  combining  weight  of  phoaphonis  must  be 
doubled  in  order  to  bring  it  into  coincidence  with  its  unit-volumo 
weight.  The  volumetric  and  the  ponderal  composition  of  phos- 
phuretted  hydrogen  are  both  exhibited  in  the  annexed  diagram : — 

2S1,  This  difference  be- 
tween ammonia  and  phoa- 
phurettcd  hydrogen  is  com- 
pletely outweighed  by  the 

sentitil  likeness  in  com- 

sition  of  these  two  gases 
and  by  the  other  striking 
unalogies  which  ex^t  be- 
tween them.  WTien  one 
or  more  of  the  hydrogen  atoms  in  phosphraretted  hydrogen  arc 
replaced  by  certain  groups  of  elements,  which  in  oi^anic  che- 
mistry play  the  part  of  dements,  compounds  are  obtained  which, 
like  ammonia,  nentraL'ze  acids  and  are  strongly  alkaline.  Phos- 
phnretted  hydrogen  itself  combines  with  certain  of  the  acids  in 
definite  proportions.  With  bromhydric  and  iodohydric  acids^  for 
example,  it  forms  crystalline  compounds  whose  composition  is 
represented  by  the  formula?  PH^Br  and  PH^I, — formuUe  which 
at^  evidently  comparable  with  NH^Br  and  NH^I, 

2*2 »  Liquid  Phosphitretifd  Hydrogen  (PH^)  may  be  obtained 
by  passing  the  spontaneously  indammable  gaseous  compound 
obtnined  in  Exp.  114,  through  a  U-tube  surrounded  by  a  mix- 
tore  of  ice  and  salt  Under  these  conditions,  the  vapor  of  the 
Squid  compound,  which  was  diffused  in  the  gas,  condenses  and 

parates.  Liquid  phosphuretted  hydrogen  is  colorless,  has  a  high 
refracting -power,  and  is  not  miscible  with  water.  It  does  not 
at  -20^;  when  heated  to  30°  or  40^*  it  decomposes.  It 
iingly  inflammable,  and  bursts  into  dame  when  brought 
HI  contact  with  the  air ;  when  a  small  qnantitT  of  its  vapor  ia 
mingled  with  combustible  ga^es,  such  as  carbonic  oxide,  hydro- 
gen, or  carburetted  hydrogen^  these  gases  acquire  the  propertf 
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of  inflainiug  spontaneotisly.     When  exposed  to  suoliglit,  it  lA 
resolved  into  gaseous  and  solid  phosphurett^d  hydrogen ; — 

5PH,  ^  P,^H  +  3PH,. 

283.  Solid  Phosphuretted  Hydrogen  (PjH  ?)  is  formed  by  ex- 
posing liquid  phosphuretted  hydrogen  to  sunsljine,  or  by  acting 
upon  the  liquid  with  clilorhydric  acid,  or  by  dissolving  phosphide 
of  calcium  in  strong  chlorhydric  acid»  It  ia  a  compouiid  in- 
Boluble  in  water  or  alcohol^  but  soluble  in  warm  pola»b-lye  with 
liberation  of  gaseous  pliosphuretted  hydrogen.  It  tiikc**  firo  at 
about  150°,  and  is  of  a  yellow  colorj  but  becomes  red  when 
exposed  to  light, 

284.  Compounds  of  FIwHphorus  and  of  Ojepgen, — Phosphorua 
unitea  with  oxygen  in  four  different  proportions,  as  follows ; — 

Oxide  of  Phosphorus,  P^O* 
Hypophosphorous  Acid,  P^O, 
Pkosphoroufl  Acid,  PjO^, 
Phosphoric  Acid,  P^O,. 

All  of  these  compounds  exhibit  a  more  or  less  distinct  acid  i 
racter,  especially  when  combined  with  water,  and  the  one  coe- 
taining  most  oxygen,  phoaphoric  acid,  is  a  very  important  acid* 

285.  O.vide  of  Plwsphorm  (P^O). — When  ordinary  phoaphonts 
is  burned  in  a  confined  volume  of  air  or  oxyf!:en,  insuflicifnt  for 
its  complete  combustion,  there  will  be  found  mixed  with  the 
Tinoonsumcd  phosphorua,  after  the  chemical  action  has  ceased, 
a  certain  quantity  of  a  red  powder,  which  is  the  oxide  of  pho 
phorus  now  in  question, 

Exp.  117. — Repeat  Exp.  IS,  and  examine^  the  red  mass  which  re- 
mains in  the  porcelain  capsule  after  it  has  been  sunk  in  the  water-pan 
and  thoroufrhly  cooli*d. 

Since  the  red  oxide  of  phosphorus  is  insoluble  in  bisulphide  of  car- 
bon, it  can  readily  be  obtained  in  a  state  of  purity  by  diswolving  in  this 
liquid  the  free  phosphorus  with  which  it  is  contamiuated. 

Although  the  red  oxide  is  not  sponttmeously  inflammable  by 
itseli^  a  mixture  of  it  with  free  phosphorus,  such  as  thtj  residue 
from  the  preparation  of  nitrogen  (Exp,  13),  takes  fire  with  great 
€iise,  being  even  more  readily  inllammable  than  phosphorus  alozie, 
:f)ach  residues  must  be  handled  with  special  care. 
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I  OSSdd  isf  phosphoniB  can  be  obtained  in  larger  quantities 
I H  fltream  of  oxygen  gas  into  contact  with  phosphorus 
melted  under  hot  water. 

JSrp,  llS.^Place  about  a  cubic  centimetre  of  ordinary  phosphonu 
In  the  bottom  of  a  conical  test-glass,  or  wine-glass,  and  pour  upon  it 
hot  water  enough  to  half  fill  the  jrlaas;  the  phosphorus  will  melt^  hut 
cannot  burn,  »ince  the  water  protects  it  from  contact  with  the  air»  and 
ctnce  phosphorus  by  it^lf  is  incapable  of  decoEnposin^  water,  By 
mcft&s  of  a  narrow  gas*deli\'erv-tube  of  jrlaas,  conduct  a  plow  stream  of 
oaygen  &om  a  gas-holder  to  the  bottom  of  the  testrgla&Sf  bo  that  the 
Qtjip^B  shall  come  into  imoi^diate  contact  with  and  bubble  tlirough 
the  melted  phosphorus^  The  phosphorus  will  buru  with  a  vivid  light 
beneath  the  water;  red  oxide  of  phosphorus  will  be  formed,  and  will 
float  about  in  the  water,  from  which  it  may  be  separated  by  filtrtition. 

In  the  lack  of  oxyj^pn,  air  may  be  forced  down  upon  the  phosphorus; 
even  the  impure  air  blown  firom  the  mouth  will  ani^wer  ;  but  with  air 
the  Inaction  is  less  intense  than  with  oxygen ;  hence,  when  it  is  em- 
ployed, the  experiment  had  better  be  performed  in  a  dark  room. 

Oxidt*  of  phosphorus  has  neither  taste  nor  smell.  On  being 
heatiKl  to  350°  to  400**,  it  splits  up  into  phosphoric  acid  and  free 
phosphoruBj  the  latter,  of  course,  taking  fire  in  case  oxygen  be 
present 

286,  mfpophMphm>vs  Aetd  (H.P,0,=  2H,P0 J.— This  com- 
pound  has  asually  been  classed  among  the  oxides  of  phosphorna, 
on  tlie  supposition  that  it  might  be  possible  to  obtain  from  it  an 
anhydrous  oxide,  of  the  composition  P^O ;  the  oxide  in  question 
has,  however,  never  yet  been  obtain tMi. 

When  ordinary  phosphorus  is  boiled  in  a  solution  of  caustic 
potash,  soda,  lime,  or  baryta,  water  is  decomposed,  a  compound 
of  phosphorus  and  hydrogen  f§  27S)  is  formed,  and  a  hypophos- 
pbite  of  the  alkali  employed  remains  in  soUilion.  from  which  it 
may  be  separated  in  crystals  by  cautious  evaporation.  If  baryta 
b©  employed,  the  reaction  may  be  formulated  as  follows : — 
Empirical:  SBaH^O,  -h  8P  -f  6H,0  =  2Vn,  +  3BnH,P,0,. 
DuftlistJC :  3(  BaO,n,0)  -f  8P  +  OHjO  =  2PH,  -f  3(  BiiO,2[IjO,P,0> 
By  cautiously  adding  sulphuric  acid  to  the  solution  of  the  barium 
ealt,  sulphate  of  barium  is  precipitated  and  h3rpoiihosphorous  acid 
raaains  in  solution : — 

Ba0.2H,0,P.O  +  H;,0,80,  «  BaO,80,  +  3H,0.F,0* 

q2 
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By  evaporating  tBe  aqueous  Bolutiou,  after  filtration,  hypoplios- 
phorous  acid  is  left  as  a  viscid,  uneryatallizable,  acid  liquid,  wbit^b, 
on  being  stro rifely  heated,  splits  up  into  phosphoric  acid  and 
phoaphuretted  hydrogen.  It  unites  with  oxygen  readily,  and  is 
consequently  a  powerful  reducing  agent.  Sulphuric  acid,  for 
example,  is  reduced  by  it,  with  evolutiun  of  sulphurous  acid  and 
separation  of  sulphur. 

The  hypophosphites  are,  for  the  most  part,  crystallisiable  salts, 
soluble  in  water  and  often  in  alcohol  ako ;  they  can  usually  be 
preserved  in  dry  air.  Several  of  them  have  recently  been  some- 
what extensively  employed  as  medicaments* 

287.  Phosphorous  Acid  (FaOJ> — ^This  acid  is  a  product  of  the 
elow  combustion  of  phosphorus. 

When  phosphorus  ia  gently  heated  in  a  vpry  alow  current  of  per* 
fectly  dry  air,  it  takes  on  oxygen  enough  to  fomi  phosphorous  acid, 
which,  being  volfttilt^^  condenses  upon  the  cold  waUs  of  the  tube  beyond 
the  pliosphorus  as  a  hiUky  white  fiublimate.  By  conducting  the  opera- 
tion in  a  tube  drawn  out  to  a  flue  point  at  one  end  and  almost  com- 
pletely closed  at  the  other  by  a  perforated  cork  carrying  a  narrow 
tube,  and  carefully  regulating  the  supply  of  air  which  is  admitted  into 
the  tube,  so  that  just  enough  oxygen  to  form  phosphorous  acid,  and  no 
mort*,  shall  come  in  contact  with  the  phnaphurus,  a  tohirably  pure  pro- 
duct can  bt*  obtained.  For  purposes  of  illustration,  however,  a  simplur 
strati  gem  ent  of  the  apparatus  may  be  employed^  as  in  the  following 
eiperinient : — 

Exp.  1\^, — Place  a  bit  of  phosphorus,  as  big  as  a  pea,  in  the  middle 
of  a  piece  of  glass  tubing,  No.  2,  about  30  cm.  long,  and  open  at  both 
extremities ;  gently  heat  the  phosphorus  until  it  takes  fire,  and  then 
extingin'sh  the  lamp.  So  loug  as  the  tube  is  held  in  a  horixontal 
position,  the  combustion  w^ill  be  so  feeble  and  imperfect  that  some  n»d 
oxide  of  phojrphorus  i^Ill  be  formed  as  well  as  phosphorous  acid.  On 
the  other  hand,  if  one  end  of  the  tube  be  inclined  upwards,  so  that  the 
products  of  combu^ttion  can  pass  off  and  mtd<e  way  for  the  entrance  of 
fresh  air,  the  eombui^tion  will  become  more  vivid^  and  there  will  b« 
produced  a  quantity  of  the  highest  oxide  of  phcwphonis,  phosphoric 
acid.  If  the  tube  were  held  perpendicularly,  the  draught  of  air,  paas* 
ing  ihrough  it  as  through  a  chimney,  would  be  so  powerful  that  all 
the  phosphorus  would  be  burned  completely  to  phosphoric  acid. 

It  is  evident,  from  the  foregoing,  that  if  it  were  only  possible  to  find 
out  the  pfecdse  angle  at  which  the  tube  should  be  inclined,  and,  at  the 
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aame  time,  to  provide  meiLm  for  continually  maintainlnora  siiltnble  t«in- 
peratTire  witiiio  the  tube,  the  phosphorus  might  all  be  converliid  into 
pure  phosphorous  acid,  ini^ttitui  of  the  various  and  mixed  pruducta 
which  are  actually  obtained. 

288.  Hydrfttod  phosphorous  acid,  H.^I*0,,  or  3H,0,PjO,,  is 
readily  obtained,  though  in  an  impure  condition,  by  exposing 
fitick*  of  phosphorus  to  inobt  air. 

£ip.  12t). — Select  a  piece  of  glnss  tubing,  the  diameter  of  which  is 
BO  much  greater  than  that  of  an  ordinary  stick  of  pho,sphoru«,  tbat  th(» 
latter  can  tfRdily  be  slipped  into  it ;  from  this  tubinj,'' pif^pare  Ihree  or 
four  short  lubes  3  or  4  c-m.  long^,  open  above  and  below,  but  ilrnwn  in 
at  the  bottf>m  to  such  an  ejctent  that  a  stick  of  phospboruw  placed  in 
the  upper  pait  of  the  tube  cannot  paas  the  narrowed  portion  and  fall 
out  of  the  ttibe.  In  each  of  these  short  tubes  put  a  stick  of  phos- 
phorus, and  place  them  all  in  a  glass  funnel  which  re.Mts  upon  n  bottle 
standing  in  a  soup  plate  full  of  water;  over  the  funnel  and  bottle  placa 
dl  tubulated  bell -jar,  from  which  the  stopper  has  been  removed, 
1  allow  the  ftpparatus  to  ^U\x\d  at  rest  during'  sev^-ml  days  in  a  cool 
place  whfre  no  damatri?  can  be  done  in  case  the  pho*>phr>rus  take  tire. 
Under  th(*?it^  conditions,  the  pho?iphorus  wnll  slowly  oxidize  and 
iray  (if  time  enou;.^!  be  allowed  it  will  coniplet^'ly  disappeai*), 
>  mixture  of  phosphorous  and  phosphoric  acids  which  m  formed 
wfn  flow  down  through  the  tube  of  the  fuimel  into  thu*  bottle  beneath. 
The  mixture  thus  obtAined  is  often  technically  tkiTmedphoiphafic  acid. 
The  object  of  the  glass  tubes  employed  to  envelope  the  stick**  of 
phorus  is,  to  keep  the  several  pieces  of  phosphonis  from  touching 
I  another.  If  two  or  three  pieces  of  phos«phonis  were  to  lie  left  in 
at^act,  in  the  air,  the  heat  generated  during  the  oxidation  of  each 
would  W  added  to  that  derived  from  the  other?,  and  after  a  time  the 
i  would  become  hot  enouijh  to  take  hre  spontaneously.  But  when 
[  stick  of  phosphorus  is  placed  within  a  glass  tube,  the  heat  gene- 
rnfwi  by  its  oxidation  passes  off  harmlessly,  and  a  diiugcrous  accuiuula* 
tion  of  heat  is  very  much  lees  likely  to  occur  than  if  no  such  system 
of  isolation  were  resorted  ta 

281>.  The  fact  thnt  a  collection  of  fragments  of  phosphorus  is 
ihuB  liable  to  take  fire,  so  well  illustrates  the  theory  of  njwn* 
Uineaut  eamhmthn  in  gcnei-al,  and  the  precautionary  mcuiiures 
tiken  in  the  foregoing  experiment  to  prevent  the  ignition  of  the 
phusphonns  point  so  clearly  to  the  methoda  whicli  must  otYcn  be 
morted  to  in  order  to  prevent  the  spontaneous  indammutiou  of 
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many  liig^ly  combustible  substances,  tbat  a  few  words  may  here 
be  appropriately  devoted  to  this  important  practical  subject. 

As  a  rule,  aU  easily  oxidizable  substances,  when  finely  divided 
and  thrown  into  heaps,  are  hable  to  take  fire  spontaneoudy  in 
the  air.  Many  oik.  for  example,  particularly  the  so-called  dry- 
ing oils,  absorb  oxygen  from  the  air  and  enter  into  combinatio>Q 
witb  it  Wlit^rever  chemical  combination  occurs,  heat  is  deve- 
loped, and  in  case  the  oil  be  poured  upon  some  porous  substance 
which  is  both  combustible  and  a  non-conductor  of  heat,  like  wool 
or  cotton,  paper  or  cloth,  the  heat  developed  during  the  oxi- 
dation of  the  oil  may  very  readily  accumulate  to  the  extent 
necessary  to  produce  inflammation.  To  prevent  thl'!  catastrophe, 
the  heap  of  greasy  wool  or  other  matter  should  be  broken  up  as 
soon  as  waimth  is  perceived  in  it,  and  its  particles  should  be 
scattered  about  so  that  air  may  have  free  access  to  them ;  tho 
beat  will  then  pass  off  harmlessly  from  each  of  these  particles 
113  fniil  as  it  is  generated. 

This  process  of  subdivision  will  prove  an  eifectual  protection 
if  the  subdivision  be  carried  far  enough ;  but  it  is  a  fact  not  U> 
be  lost  sight  of»  that  verj  small  parcels  of  some  substances  (a 
hank  of  oiled  twine,  for  example,  or  a  handful  of  greasy  rags) 
may  take  fire  when  all  the  conditions  are  favourable ;  and  it  is 
a  matter  of  the  tirst  importance  that  all  such  matters  should  be 
kept  in  places  where  no  harm  can  be  done  in  case  they  inflame. 

A  still  more  familiar  instance  of  the  accumulation  of  heat 
during  chemical  action  occurs  in  the  ordinary  process  of  hay- 
making, as  when  a  cock  of  half^eured  hay  is  left  unopened  for 
any  length  of  time;  tho  green  buy  combines  with  oxygen  from 
the  air,  fermentation  sets  in,  and  heat  is,  of  course^  evolved ;  bat 
when  the  hay  is  scattered  about  the  field,  this  heat  passes  off  into 
tho  air  as  fast  as  it  is  generated,  and  we  cannot  perceive  it.  On 
the  other  hand*  if,  instead  of  tho  usual  small  hay-cocks,  the 
farmer  were  to  throw  a  large  quantity  of  new-mown  hay  into 
one  great  8tuek,  this  wtack  would  undoubtedly  take  tire  if  left  to 
iteelf. 

In  large  heaps  of  many  kinds  of  bituminous  coal  abo,  strong 
chemical  action  is  induced  under  very  various  conditions  as  l«- 
gardB  temperature,   moisturoj  and  mochauical  subdimion,  and 
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beat  evoked  Ij^ooraes  at  last  intense  enough  to  kindle  tho 
Protection  from  the  weather,  exclusion  of  moisture,  free 
Ventilation,  and  the  avoiding  of  too  large  heaps  are  the  moBt 
effectujil  preventives  in  this  cuse. 

290.  Anhydrous  phosphorous  acid  is  a  white  amoqihous  suh- 
Btance,  which  rapidly  absorbs  water  from  the  air,  and  when 
0p^inklc^d  with  water,  dissolves  rapidly  with  a  hissing  nois*^ ;  it  ia 
volatile,  and  may  easily  be  driven  from  one  place  to  another,  in 

^a  tube  filled  with  nitrogen  (see  §  287),  by  applying  a  gentle  heat. 
Being  u  produt^t  of  the  incomplete  combustion  of  phosphorus,  it 
b  necessarily  oombmtibk  j  when  heated  in  the  air,  it  undergoes 
vivid  combustion, 
fc^ydraled  phosphorous  acid  ia  obtained  in  tho  form  of  rec- 
fcgulur  prisms,  when  the  aqueous  solution  La  evaporated  at 
temperatures  not  exceeding  200^.  The  crystals  are  deliquescent, 
and  they  gradually  absorb  oxygen  from  the  air ;  when  strongly 
heated,  they  are  decomposed  into  phosphoric  acid,  and  phosphu- 
petted  hydrogen,  and  at  the  same  time  take  fire.  The  aqueous 
•olution  of  phosphorous  acid  exhibits  a  strong  acid  reaction ;  by 
ibflOfbiniir  oxygen  from  the  air,  it  is  converted  into  phosphoric  , 
ar  y  in  case  the  solution  is  dilute,  but  slowly  if  it  he 

c«i  d.     It  is  a  powerful   reducing  agent;    when  heated 

mih  snlplmroujs  acid,  it  yields  phosphoric  and  sidphydrio  acids. 

» Though  a  very  weak  acid,  it  forms  salts  by  combining  with  those 
metallic  oxides  upon  which  it  exerts  no  reducing  action;  tho 
Bboflphitcs  of  the  alkalies  proper  are  easily  soluble  in  water,  but 
Be  phosphites  of  calcium  and  barium  can  only  be  dissolved  with 
difficulty.  These  salts  are  more  stable  than  the  hypophosphites, 
but  are  all  decomposed  by  heat. 

21>L  Phosj'hm^ic  Acid  (l^fi^)* — As  has  been  already  stated, 
this  highest  oxide  of  phosphorus  is  tho  product  of  the  rapid 
oambustion  of  phosphonis  in  on  excess  of  air  or  oxygen. 

Ejrp,  121, — Dry  thoroughly  a  lanre  porcelain  plate,  a  small  porce- 
lain C4ipuftlfT,  and  a  wide -mouthed  bottle  of  two  litres  ci»pacity»  by 
warming  them  at  a  tire  ;  place  the  capsule  upon  the  plal<*  and  put  in 
thtt  ciipsulti  a  bit  of  dry  phosphorus  of  the  weight  of  half  a  gramme 
plhereiLbouts;  light  the  pfaosphoma,  and  cover  it  at  once  with  the 
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inverted  !>ottle,  Tli©  pbosplioiic  acid,  formed  by  the  comrniSitmi 
the  phosphorus,  will  be  deposited  as  a  white  powder,  like  llakei*  of 
enow,  upoa  the  sides  of  the  bottle,  and  much  of  it  will  fall  down  upon 
the  plate  l>elow. 

The  appiiratus  employed  in  this  experimetit  can  readily  be  arranged 
in  such  manner  that  fresh  portions  of  phosphorus  and  of  air  can  he 
introduced  into  the  bottle  as  fast  as  occasion  may  require ;  the  process 
will  then  be  cantinuou^,  and  any  desired  quantity  of  phosphoric  acid 
miiy  be  prepared  by  means  of  it. 

The  flocculent,  amorphous,  odorless  powder  thus  obtained 
unites  with  water  with  remarkable  facility ;  if  it  bo  loft  in  the 
air  for  a  few  minutes,  it  deliquesces  completely ;  and  upon  being 
thrown  iulo  water  it  dissolves,  with  a  hiitsing  noise  and  develop- 
ment of  much  heat.  In  order  to  preserve  it,  it  must  be  placed 
in  a  dry  tube,  and  the  tube  closed  by  sealinpf  it  in  the  lamp. 
Wlien  touched  to  the  moist  tongue,  it  burns  as  if  it  were  red-hot 
metal.  On  account  of  this  strong  affinity  for  water,  it  is  fre- 
quently employed  by  chemists  to  withdraw  the  elements  of  water 
from  other  substances ;  anhydrous  sulphuric  acid,  for  example, 
can  be  prepared  from  oil  of  vitriol  by  heating  the  latter  with 
anhydrous  phosphoric  acid.  On  being  heatt^d  with  various  or- 
ganic Bubstancos,  Buch  as  some  of  the  alcohols  and  e.ssiential  oil* 
composed  of  ciirbon,  hydrogen,  and  oxygen,  it  dccouiposes  them 
in  such  manner  that  the  oxygon  of  the  organic  sukntance,  and  as 
much  of  its  hydrogen  as  is  necessary  to  form  watcT  by  uniting 
with  this  oxygen,  combine  with  the  pho8|ihoric  acid,  while  a 
compound  of  carbon  and  hydrogen  (technically  called  a  hydro- 
oarbon)  is  set  free. 

After  the  anhydrous  acid  has  once  been  dissolved  in  water»  it 
cannot  again  be  completely  deprived  of  water  by  mere  evapora- 
tion or  ignition.  When  the  aqueous  solution  is  evaporated,  there 
is  left,  not  the  anhydnjiis  powder,  but  a  tratij^parent  glassy  mass, 
which  is  a  hydrate,  of  the  composition  Hj^O.Pj^O,.  This  hydrate 
is  of^en  called  glacial  phosphoric  acid.  It  is  extremely  deliques- 
cent, and,  at  u  bright  red  heat,  Bubllmcs  in  dense  white  t\imcs. 
Besides  the  monohydrfite,  there  are  two  other  hydrates  of  phos- 
phofio  add,  of  the  compo«itioiift,  respectively,  2H/),P,0,  and 
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3H^04*(0,.  Of  these^  the  terhydrate  is,  perhaps,  the  most  im- 
portant ;  it  is  the  substance  u:»ually  meant  when  phos|dioric  acid 
la  spoken  of. 

292.  Phosphoric  acid  can  he  prepared,  also,  by  the  oxidation 
of  phosphorus,  or  of  hj^pophosphorous  or  phosphorous  acid,  or 
bj  the  decomposition  of  some  one  of  its  salts,  such  as  the  phos* 
phate  of  calcium  (bone-earth). 

When  phosphorus  is  he&ted  iu  dilute  nitric  acid*  of  1*2  specific  gra- 
Titr,  the  nitric  acid  gives  up  oxygen  to  the  phosphorus,  nitric  oxide  and 
phosphoric  acid  are  formed^  and  the  latter  goes  into  solution.  When 
the  phojjphoros  has  all  disappe^ired,  the  i^olutiou  is  evaporated  to  dry- 
ness in  order  to  drive  off  the  nitric  add  which  was  employed  ia  ex- 
ceast  and  there  is  obtained  a  quantity  of  the  monohydrated  glacial 
add. 

A  product  less  pure  than  the  acid  prepared  by  means  of  nitric  acid, 
is  obtained  by  neutralizing  a  solution  of  monophosphate  of  culcinm, 
pffr-pared  froui  bnnea  in  the  manner  alread}'  described  when  trenting 
of  the  preparation  of  phosphorus  (see  §  270 ),  %vith  carbimate  of  am- 
monitm);  evaporating  the  tiltered  solution  of  phosphate  of  ammonium 
to  dr;ne.«i8  and  heating  the  residue  to  low  rednesa.  Ammonia  is  ex- 
pelled and  glacial  phosphoric  acid  remains. 

293.  It  ia  a  reraarkabfe  fact  that  each  of  the  three  different 
hydrates  of  phosphoric  acid  posscBses  properties  peculiar  to  itself, 
and  unlike  those  of  tho  other  two  ;  in  fact,  each  of  the  hydrates 
must  be  regarded  as  a  distinct  acid.  The  monohydrated  or 
glacial  acid,  H^O^P^Oj,  is  usually  called  metaphosphoric  acid ; 
the  bihydrate,  ^H.^O.P^Ojj,  is  called  pyrophosphoric  acid ;  and 
the  terhydrate,  3H^U,PjO^,  is  commonly  spoken  of  as  ordinary 
phosphoric  acid,  or  simply  as  phosphoric  acid.  The  three  hy- 
drates are  sometimes  distinguished  as  a  phosphoric  acid  (meta)» 
h  phosphoric  acid  (pyro),  and  e  phosphoric  atid  (ordinary). 
These  different  hydrates  of  the  acid  retain  their  peculiar  cha- 
racteristics for  a  considerable  time  when  dissolved  in  water, 
though  the  mono-  and  bihydrates  change,  after  a  while,  to  the 
terhydrate  ;  and  in  combining  with  metallic  oxides  to  form  salts, 
they  unite  with  1,  2,  or  3  molecules  of  the  oxide,  accordingly  as 
they  themselves  contain  the  elements  of  1,  2,  or  3  molecules  of 
water.  There  are  thus  formed  three  distinct  series  of  salts,  each 
of  mhich  corresponds  to  one  of  the  hydrates,  as  ia  seen  in  the 
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Ttrhf/etraM  Add. 
3HjO,PA 

VhmphaUf  of  M. 


foil  owing  fommlfiB,  where  M  stands  for  any  metal  wHcli  habiin^ 
ally  replaces  one  atom  of  hydrogen, 
Mmwhydrattd  Acid,  Bihxfdrated  Acid* 

n,o.r,o,  2ii.o,p,o, 

M,0,PA  SMjCPjO, 

fJf£tapho^phtile  (tf  M,        FtfrophoHphaU  of  M, 

This  behavior  is  very  different  from  that  of  the  hydrates  of  nitric 
or  of  sulphuric  acid ;  when  either  of  the  hydrates  of  nitric  acid, 
for  example,  is  made  to  combine  with  a  base,  like  soda,  there  ia 
formed  always  one  and  the  same  salt,  nitrate  of  Bodinm.  In 
each  of  the  three  series  of  salta  formed  by  phosphoric  acid, 
the  acid  exhibits  peculiar  properties.  A  salt  of  the  formula 
3MjO,PjO^  will  behave  very  differently  towards  many  reagents 
from  a  salt  containing  the  same  metal  but  in  the  proportions 
H,0,P,0,,  or  2M^0,P^0,.  As  an  example  of  the  kind  of  dif- 
ferences here  alluded  to»  it  may  he  mentioned  lliat,  while  meta- 
phosphoric  ueid,  on  being  added  to  a  solution  of  albumen,  will 
cause  the  alhumen  to  coagidate,  no  such  coagulation  can  be 
brought  abt»ut  by  either  pyrophosphone  acid  or  the  ordinary  ter- 
hydrute.  Metn phosphoric  acid  gives  a  white  precipitate  when 
its  solution  is  mixed  vdth  a  solution  of  nitrate  of  silver  by  either 
of  the  other  hydiates,  niiless  they  are  first  neutralized  with  an 
alkali,  in  which  event  a  white  precipitate  is  produced  by  pyro- 
phosphone acid,  and  a  yeUow  precipitate  by  the  ordinary  acid. 
These  peculiarities  will  be  examined  in  detail  when  we  come  to 
treat  of  the  phosphates  of  sodium  in  the  chapter  upon  sodiii; 
and  its  compounds. 

From  the  formulsB  given  in  the  above  table,  it  is  apparent  th 
mctaphusphorie  acid  is  a  monobasic  acid,  that  pyrophoephoric  amd 
is  bibiisic,  and  tbat  ordinary  pliosphoric  acid  is  terbasic.  Since 
each  of  the  atoms  of  M,  in  either  of  the  formulce,  can  be  re- 
placed by  an  equivalent  atom  of  any  other  metal,  or  by  hydrogen, 
it  follows  til  at  the  com  position  of  some  of  the  salts  of  phos- 
phoric acid  is  rather  complex ;  thus  there  is  a  phosphate  of  potas- 
sium and  sodium  of  the  composition  (K^O,Na^O,H,0)Pp,»  or 
K^^aHPO,. 

Although  we  have  here  studied  the  adds  which  contain  pho«^ 
phorua,  oxygen,  and  hydrogen,  as  if  they  were  in  reality  oompo&ed 
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of  water  and  the  anhydrous  oxide  of  phoephoms,  as  the  manner  of 
their  di*rivution  would  suggeBt^  yet  it  mmtt  not  be  forgotten  that 
we  have  absolutely  no  knowledge  of  the  actual  {Structure  of  the 
molecult*^  of  these  compounds,  and  that  the  empirical  formulea 
HPO,,  H  J\0^,  and  H,PQ^  express  all  that  is  absolutely  known 
^^    of  their  composition* 

^m  294.  In  whichever  way  prepared,  and  in  all  its  varieties, 
^^^Aoflphoric  acid  is  a  very  strong  acid.  Although  a  less  powerful 
^^R^ntt  at  the  ordinal^  temperature,  than  sulphuric  add,  yet,  from 
^m  heing  much  lesa  volatile  than  sulphuric  acid,  it  can  expel  the 
^^  latter,  and  most  other  acids,  from  their  compounds  on  being 
,  heated  with  them*     The  behavior  of  the  two  acids  towards  cal- 

Icium,  or  its  oxide,  fumiBhes  an  instructive  example  of  the  influence 
of  extrinsic  or  physical  circumstances  upon  the  play  of  the  chemi- 
cal force.  WTien  triphosphate  of  calcium  (hone-earth)  is  treated 
with  dilute  sulphuric  acid  at  the  ordinary  temperature,  a  quan- 
tity of  phosphoric  acid  is  set  free  from  the  calcium  and  goes  into 
solution.  From  thii*  result  it  might,  at  first  eight,  be  thought 
that  the  calcium  was  removed  from  the  phosphate  of  calcium 
aimply  by  force  of  the  superior  chemical  power  of  sulphuric  as 
^K  contrasled  with  phosphoric  acid ;  but,  in  reality,  the  water  which 
wm  ia  present  plays  an  important  part  in  the  reaction.  Monophos- 
phate of  calcium  is  readily  soluble  in  water,  sulphate  of  calcium, 
on  the  other  hand,  being  well-nigh  insoluble.  Hence  it  happens 
that  when  triphosphate  of  calcium  h  cHgeated  in  dilute  sulphuric 
acid»  monophosphate  of  calcium  goes  into  solution,  while  sulphate 
of  calcium  is  deposited  as  an  insoluble  powder.  But  if  the  mix- 
ture of  solid  trulphate  of  calcium  and  of  dissolved  monophosphate 
calcium,  thus  oh  tamed,  he  evaporated  to  dryness  and  the 
ddue  be  strongly  heated,  all  the  sulphuric  acid  will  be  expelled 
from  the  calcium  ;  it  will  evaporate  and  pass  off  into  the  air,  and 
nothing  will  finally  be  loft  in  the  vessel  but  triphosphate  of  cal- 
cauJOQ,  precisely  similar  in  quality  and  quantity  to  that  with  which 
the  experiment  started.  In  the  same  way,  if  a  mixture  of  sulphate 
of  calcitim  and  glacial  phosphoric  add  be  strongly  heated,  the  sul- 
phimc  acid,  being  readily  volatile,  ah  compared  with  phoqihoriD 
acid,  will  all  bo  expelled  from  its  combinatiun  with  the  calcium : — 

3Ca8u.  -f  p  0,  :=  Ca  p  a  +aso.. 
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295.  Chlorides  of  Phosphorus, — Phosphorus  and  chlorine 
unite  readily  and  directly  even  at  temperatures  b^  low  as  0^, 
the  aet  of  comhination  being  attended  with  evolution  of  light  and 
heat.  If  the  chlorine  ho  in  oxccbb,  as  regards  the  phosphorus, 
there  will  be  formed  a  solid  ijuinquicliloride  of  phosphonig^  while, 
if  an  excess  of  phosphonis  be  present,  a  liquid  terchloride  of 
phosphorus  will  be  obtained. 

296.  Terchhride  of  Pho$phorm  (?C\)  is  a  colorless  liquid 
of  about  1-5  specific  gravity,  which  boils  at  about  75^  It  fume 
in  the  air,  and  is  decomposed  by  moist  air.  When  heated  in  iha 
flame  of  the  gas-lamp,  it  takes  fire  and  burns  with  a  bright  light 
'When  mixed  with  water  it  decomposes,  yielding  dorhydric  and 
phosphorous  acidi : — 

2PCl,+0njO=6[ICl-f  3HAPAi  or  PCl4-h3H,0=3HCl+HjPOa, 

This  reaction  is  particularly  interesting;  in  view  of  the  fact  that 
by  means  of  it  we  are  enabled  to  obtain  phoaphorous  acid  in  a 
condition  of  purity.  It  will  be  remembertd  that  by  the  method 
of  direct  oxidation  (§.  287)  it  is  no  easy  matter  to  obtain  pure 
phosphorous  acid  from  phosphorus.  But  by  simply  treating?  ter- 
chloride of  phosphorus  with  water  and  evaporating  the  solution, 
so  that  the  clilurhydric  acid  which  resulU  from  the  reacticm  may 
be  expelled,  hydruted  phosphoi*ou8  acid  is  obtained  as  the  sale 
product.  The  process  is  a  good  example  of  the  indirect  methoda 
to  which  chc mists  are  frequently  compelled  to  resort. 

Terchloride  of  phosphorus  can  be  prepared  by  passing  a  slow 
stream  of  dry  chlorine  through  melted,  almost  boiling,  phospho- 
TUS  contained  in  a  tubulated  retort  which  has  previously  bt'cn 
filled  with  chlorine  in  the  cold,  and  condensing  the  chloride  in 
an  appropriate  receiver  a^  fast  as  it  distils  over.  The  process^ 
like  all  operations  with  phosphorus,  requires  s|K'cial  care, 

297.  It  will  be  observed  that  the  ft>rmula  of  terchloride  of 
pho«])homB  is  that  of  phosphuretted  hydrogen  in  which  aU  the 
hydrogen  has  been  replaced  by  chlorine.  The  two  saljstanoea 
baTa  a  perfr*ct!y  similar  volumetric  compoi^ition.  In  phosphu- 
letted  hydrogen,  three  voluihes  of  hydrogen  in  combination  with 
half  a  volume  of  pbospliorus,  produce  two  volumes  of  the  com-^ 
pound  gas  i  if,  in  terchloride  of  phosphoruSi 


Ifilf  a  unli-i^ohiiiie  of  pbosplioTOf^^wpqi^ 
Atid  (i  unit- volumes  of  chlorine^ 


Pro(laa>  2  Tolumes  of  PCI,  Tgpor,  w^^ilig «  i^T  ^ 

One  unit -vol  umt*  oi  PCI,  Tipor  whouSd  '■v^  -  ^^^^ 

The  6peci6o  grayity  of  t^  rapor  of  toAlnii  €f 

has   been    found,  hy  expmmettt^  la  b»  §^12^— e 

nearly  identical  with  the  above  lenii  «f 

to  coniimi  the  assumptiQii  on  whkli  the 

that  in  terchloride  of  pbospboroe  three  wtlmmtm  if 

united  with  half  a  Tolutne  of  ^^hmfhan^'wmfm^ 

2US.   Quinqvichhrids    of   Ph<^^h&rm   (fO^  B» 
itrflW- colored  crystalline  solids  which  rvhiSEmm  afi  • 
below  100°  without  previouftly  fuamg:  hmi  when 
flstiTOp  it  melts  at  148°,  and  boila  et  a  tiiiaperate 
ber.     It  boms  in  the  dame  of  e  caadie  wtt 
hosphoric  acid  and  erolution  of  ehkrinew    It  ie  wrj 
ent,  and  id  decomposed  by  the  moiiain  of  Qm  eir;  Iff^hit^ 
KC^s  of  water  it  is  immediately  molred  tato  cMuihjAii  «4 
boric  adds ; — 

PCI,  +  4H,0  =  5HCI  +  H,FO,; 
with  a  emoUer  rjuantity  of  water  it  yields  chloriiydde  add 
oxychloride  of  phosphorus  ; — 

pa,  H-  H,0  =  2Ha  +  POCI,. 
BnlphTdric  acid  decomposes  it  in  like  manner,  with  prodactioQ  of 
chlorhydric  acid  and  aulphochloride  of  phospboroa : — 

PO,  +  H,8  =  2HC1  +  PSCl,. 
Quinquichloride  of  phosphorus  reacts  upon  many  organic  com- 
pounds aluo,  with  formation  of  very  interesting  products,  and  is 
hence  an  important  agent  of  research  in  the  department  of 
orgonic  chemistry. 

299.  In  order  to  prepare  qutnquicblorido  of  phosphoms,  a 
corrent  of  dry  chlorine  may  be  passed  into  terchloride  of  phoe- 
phorus  until  the  latter  has  been  completely  solidified ;  the 
product  is  then  distilled  in  a  current  of  iUefiiie.  Hm  qmaqm* 
chloride  may  be  obtained  d  I  recti  j  frt>fji  phQepborvs  m  oae 
if  a  rapid  stream  of  chlorine  be  eeadaeled  iaie  s 
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e4>ntaiiiing  phoaplionjB,  kept  bo  cool  that  the  terchloride  of  phoB* 
phoniB  at  first  produced  shall  not  distil  over.  Again,  if  powdered 
red  phosphor  us  is  exposed  to  the  action  of  a  rapid  stream  of 
ohlorine,  it  will  all  he  quickly  converted  into  the  solid  qtiinqui- 
chloride. 

300.  The  fonnnla  ahove  given  for  quinquichloride  of  phos- 
phorus represents  the  following  composition  by  volume : — 

Half  a  unit-Tohime  of  phosphorus- vapor,  weig^hing  ,  ,  81  '00 
Aod  6  ujiit-volumes  of  chlorine,  weighing  (35  5x6)         •        177*50 

Should  produce  2  vols,  of  PCI,  vapor,  weighing  .  ,  .  208/)0 
Que  unit-voUime  of  PCI,  vapor  ought  then  to  weigh  .        104  26 

The  ftpecific  gravity  of  the  supposed  vapor  of  fjuin  qui  chloride  of 
phosphorus,  as  detenuiiied  by  experiment,  does  not  accord  with 
this  calculated  result ;  it  is  52'81,  almost  exactly  one-half  of  the 
theoretiraJ  unit- volume  weight  above  given.  If  four  volumes  of 
vapor,  instead  of  two,  resulted  from  the  union  of  half  a  volume 
of  phosphorus-vapor  with  five  volumes  of  chlorine,  the  calcu- 
lated and  the  actuid  vupor-denaity  would  coincide.  But  hitherto 
we  have  never  found  a  single  compound  gas  in  which  the  pro- 
duct volume  was  four  unit-volumes ;  two  uuit-volumes  have  in- 
variably resulted  from  the  union  of  the  constitueDt  volumes, 
whatever  the  character  and  number  of  the  constituents.  It 
would  be  necessary  to  admit  this  substance  as  presenting  an  ex- 
ceptional volumetric  composition,  were  it  not  for  a  well-founded 
distrust  of  the  experimental  determination  of  the  vapor-density 
of  this  compound.  It  not  infrequently  happens  that  all  attempts 
to  determine  the  vapor- density  of  volatile  compounds  of  two  or 
more  elements  are  baffled  by  their  splitting  up,  at  the  tempera- 
ture of  vaporization,  into  their  constituent  gases  or  vapors,  which, 
in  the  act  of  separating,  resume  their  own  proper  volumes^  ho' 
ever  much  they  may  have  been  oondensed  during  combinati* 
This  splitting  up  of  compound  vapors,  at  high  temperatures, 
into  \esB  complex  compounds,  or  into  the  element^iry  constitu- 
ents, 18  termed  dignccfntion.  Thus,  at  the  elevated  temjieraturB 
oeceasary  to  convert  quinquichloride  of  phosphorus  into  vapor, 
it  19  probable  that  the  quinquichloride  splits  into  terchloride 
of  phosphorus  and  free  chlorine,   and  that  it  is   the  specific 
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gravity  of  this  mixture  which  has  been  determined,  instead  of 
the  specific  gravity  of  the  real  unaltered  vapor  of  the  quinqui- 
chloiide. 

Two  uait-volumef  of  PCI,  weigh 138*34 

Two  unit-volumea  of  CI  weigh  ..••♦,  71* 


I 


Four  unit-volumes  of  the  mixture  weigh  ,  ,  .  •  200-24 
One  unit-Tolume  of  the  mixture  wbighd     *        .        •        ,  52  31 

The  specific  gravity  which  has  been  aasigned  to  the  quinqui chlo- 
ride is  52-81,^ — a  number  very  nearly  coincident  with  the  above 
calculated  density  of  the  mixture  of  terchloride- vapor  and  free 
chlorine.  At  the  high  temperature  of  vaporisation  it  is  there- 
fore probable  that  quinquichloride  of  phosphorus  undergoes 
disiioeiatwH  into  terchloride  of  phosphorus  and  chlorine ;  but  if 
thia  be  the  case»  these  constituents  recombine  when  the  tempera- 
ture falla,  for  by  lowering  the  temperature  the  qumquichloride  is 
leoovered. 

As  we  advance,  we  shall  meet  with  several  other  examples  of 
the  dissociation  of  compound  gases  and  vapors ;  for  the  present 
it  will  be  suthcient  to  give  one  more  iliustration  of  the  meaning 
of  this  term.  When  equal  volumes  of  dry  ammonia  and  dry 
chlorbydric  acid  gas  are  mixed  (Exp.  65),  the  two  gases  are 
cumpletely  condensed  to  a  white  solid,  which  we  are  familiar 
witli  as  chloride  of  ammonium.  Since  this  ammouium-salt  is 
iie«idily  ve]atllizable»  there  would  be  no  difficulty  in  detemiimng 
the  product-volume  of  the  compound  of  ammonia  and  chlorhy- 
dric  acid,  were  it  not  for  the  fact  that  the  vapor  of  chloride  of 
ammonium  undergoes  dissociation  at  the  temperature  of  vaporiza- 
[tilttu  If  the  real  vapor  of  the  compound  could  be  measured^  the 
facts  would  undoubtedly  be  correctly  repreaented  by  the  dia- 


Ha 

+ 

NH, 

= 

NH,C1 

but  the  vapor  of  the  compound  is  resolved  into  its  constituent 
gases  at  the  high  temperature  necessarily  employed,  so  that  the 
ftUgfwixig  dia^am  really  Jigures  the  actual  state  of  things : — 
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+ 

= 

HCl 

NH, 

Wben  the  dissociated  vapor  cools,  the  parted  gases  recombine  to 
form  solid  cbloride  of  ammoniuin* 

It  is  obvious  that  the  phenomena  of  dissociation  interfere 
fatally  with  one  of  the  common  methods  of  arriving  at  the 
weight  and  stmeture  of  the  molecule  of  a  volatile  compouhd ; 
the  indirect  method  of  getting  at  the  volumetric  composition  of 
a  substance  from  its  ponderal  composition  and  the  specific  gra- 
vity of  its  vapor  becomes  impmctieable  whenever  the  vapor  of 
the  compound  under  examination  is  liable  to  dissociation,  inas* 
much  as  experiment  cannot  determine  beyond  a  doubt  the  real 
vapor*deiJsity  of  such  a  body* 

301,  Bromides  of  Phosphonia, — When  a  piece  of  phosphorna 
is  dropped  into  brcmiine,  the  two  elements  combine  with  explo- 
sive violence,  the  burrnng  phosphorus  being  thrown  about  in  a 
highly  dangerous  manner.  There  are  two  bromides  of  phos- 
phorus, PBr^j  and  PBr,,  correspoTid^ng  to  the  two  chloridea. 
The  terbromide  is  liquid  at  ordinary  temperatures  and  the  quin- 
quibromide  solid. 

302,  Todidtj^  of  Phosph^rtts, — Iodine  and  phosphorus  unite 
directly,  when  brought  in  contact  with  one  another,  and  so  much 
heat  is  developed  by  their  union,  that  a  portion  of  the  phospho- 
nis  will  take  iirc  if  the  mixture  bo  in  contact  with  the  air. 
There  are  two  iodides  of  phosphorus,  both  of  them  solid  at  the 
ordinary  temperature  ;  their  composition  is  respectively  PI^  and 
PI^ .  It  will  be  noticed  that,  while  the  teriodide  corresponds  to 
the  terchloride  and  terbroraide,  the  other  compound  is  a  bin- 
iodide,  of  whii?b  there  is  known  neither  a  bromine  nor  a  chlorine 
analogue.  The  fact  is  interesting  as  illustrating  the  general 
truth  that,  when  in  any  group  or  family  of  elements  we  compare 
tho  behavior  of  ha  several  members,  analogy  ceases  to  be  a  sure 

^guide,  in  proportion  as  the  individuals  compiired  are  more  widely 
[)anitcd  in  the  natural  series.  Chlorine  and  bromine  stand 
"next  to  one  another  in  the  family  or  series  of  elements  to 
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they  belong ;  and  as  we  have  just  seen,  their  behavior,  as  regards 
phosphorus,  is  weU-nigh  identical ;  but  iodine,  one  step  furthor 
removed  from  chlorine  than  bromine  is,  enters  into  new  combina- 
tions not  altogether  conformable  to  those  of  chlorine. 

303.  Sulphides  of  Phosphorus. — There  is  a  definite  sulphide 
of  phosphonis  corresponding  to  each  of  the  oxides,  and  in  addi- 
tion to  these  there  are  two  other  compounds,  which  may  be  repre- 
sented by  the  formulae  P^S,  and  P^S^a  •  Sulphur  and  phosphorus 
may  also  be  melted  together  in  any  proportion.  The  sulphides 
of  phosphorus  are  exceedingly  inliammable,  taking  fire  even 
more  readily  than  phosphorus  itself,  and  they  are  all  more  readily 
fosible  thnn  eithex  of  the  two  elements  of  which  they  are  com- 
posed. They  may  be  prepared  by  heating  sulphur  under  water 
in  contact  with  melted  phosphorus.  The  union  of  the  two  ele- 
ments is  attended  with  development  of  much  heat,  and  sometimes 
with  dangerous  explosions.  It  is  well,  therefore,  to  operate  only 
upon  ^mall  quantities^  and  to  add  the  sulphur  gradually  to  the 
phosphorus. 


CHAPTER  XVn. 


ABSBiria 


m  304,  GmjME&di  ^  arsenic  have  been  known  from  very  early 
times.  The  elerannt  is  sometimes  found  native,  but  much  more 
&>)^nently  assoijiated  with  other  metals  and  with  oxygen  and 
sulphur*  The  metals  in  connexion  with  which  it  most  commonly 
occurs  are  iron,  cobalt,  nirkel,  and  copper.  Ferruginous  ores 
and  deposits,  in  particular ^  are  rarely  free  from  traces  of  arsenic. 
In  small  quantity^  arsenic  is  very  widely  distributed. 

The  greater  part  of  the  arsenic  of  commerce  is  prepared  from 
A  native  arsenide  and  sulphide  of  iron  (arsenical  pyrites)  corre- 
sponding to  the  formula  FeAsS»  and  from  the  arsenides  of  nickel 
and  cobalt.  Metiillic  arsenic  is  obtained  directly  from  the 
sdAOBl  of  the  formula  FeAsS  by  heating  it  in  earthen  tubes  laid 
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horizontally  in  a  long  furnace ;  a  tube,  made  by  rollmjaf  tip  a 
piece  of  thm  sheet  iron,  is  inserted  m  the  mouth  of  each  earthen 
retort,  and  an  earthen  receiver  is  luted  on  to  thia  iron  tube. 
The  arsenic  condenses  principally  in  the  iron  tube,  in  the  form 
of  a  compact,  whitish,  crystalline  mass,  which  ia  detached,  when 
cold,  by  unrolling  the  sheet  iron.  The  metal  is  also  indirectly 
obtained  by  reducing  the  arsenioua  acid  (As,0^)  which  results 
from  roastinff  (heating  in  a  cujTent  of  air)  arsenides,  like  those 
of  cobalt  and  nickel ;  this  oxide  is  heated  with  charcoal  in  earthen 
crucibles  covered  with  conical  iron  caps,  or  inverted  crucibles, 
into  which  the  reduced  metal  sublimes.  The  metal  obtained  by 
the  second  process  is  gray  and  pulverulent;,  instead  of  wbitLsh 
and  coherent* 

FeAsS  =  FeS  +  As  ;  As,0,  +  3C  =  2A8  +  3C0. 

305.  Arsenic  is  a  brittle  solid,  of  a  steel-gray  color  and  a  me- 
tallic lustre.  Its  specific  gravity  has  been  variously  given  at 
from  5-6^  tn  5*1>6,  Like  the  metals,  it  is  a  good  conductor  of 
clcrtririty.  It  cr}^stailizes  in  acute  rhombohcdrons,  and  m  octa- 
hedrons also,  thus  taking  on  forms  of  both  the  monometric  aod 
hexagonal  systems,  as  do  phosphoms,  the  preceding  member,  aod 
antimony,  the  succeeding  member  of  this  family*  At  a  dull  red 
boat  it  volatiHzes  without  prcviotia  fusion  ;  the  vapor  is  colorless, 
and  po9*?L".Hses  a  characteristic  odor  resembhug  that  of  garlic. 
The  specific  gravity  of  this  vapor  is  loO^  while  tha  atomic 
weight  of  the  element  is  75  ;  arsenic,  therefore,  resembles  phos- 
phorus, and  differs  from  all  the  other  elements  heretofore  studied, 
in  that  its  atomic  weight  is  not  identical  with  its  unit- volume 
weight ;  two  combining  proportions  by  weight  of  arsenic  occupy 
the  same  volume  as  one  combining  proportion  of  hydrogen ;  its 
symbol,  As,  representa  its  atomic  weight,  but  only  half  the 
weight  of  the  unit- volume  of  its  vapor,  At  the  ordinary  lempe* 
Future  the  compact  metal  does  not  tarnish  by  exposure  to  dry 
air,  but  a  moistened  powder  of  arsenic  is  slowly  converted  by  the 
air  into  a  mixture  of  arsenious  acid  and  metallic  arsenic.  At  a 
nd  heat  the  metal  burns  with  a  whitish  flame,  producing  a  white 
snifike  of  arsenious  acid.  \Vlien  thrown,  in  fine  powder,  into 
aklorino  gaa,  it  takes  fire  spontaneously  and  is  couverted  into 
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chloriffe  of  arsenic  (AsCl,).  Bromine,  iodine,  and  snlphnr  also 
combine  readily  with  arsenic,  when  aided  by  a  gentle  heat. 
Nitric  acid  and  aqna  regla  convert  the  metal  into  aj-senic  acid 
(As^Oj) ;  chlorhydric  acid  has  little  action  upon  it.  Dllnte  sul- 
phuric acid  has  no  action  upon  the  metal ;  but  the  concentrited 
acid  has  the  same  effect  ujxtn  arsenic  as  upon  phosphorus  (§  276) ; 
arsenious  acid  is  formed  and  sulphurous  acid  escapes : — 

3H,S0,  +  2Afl  =  Aa^O,  +  3S0^  -\-  3H^0 . 
Some  fatty  oils  dissolve  arsenic  to  a  slight  extent,  as  they  do 
phosphorus.  Metallic  arsenic  unites  by  fusion  with  most  metals, 
forming  alloys  which  the  arsenic  tends  to  make  hard  or  brittle. 
In  the  manufacture  of  shot  a  little  arsenic  is  added  to  the  lead 
to  facilitate  the  formation  of  regular  globules. 

306.  Arsenic  and  Hudrogen, — Arsenic  forms  two  combinations 
with  hydrogen  :  one  of  these  is  an  unstable,  brown  aolid  of  un* 
certain  composition  ;  the  other  is  a  well-known  gas  whose  con- 
stitution is  represented  by  the  formula  AsH,,  and  which  is 
therefore  analogous  in  composition  to  ammonia  (NH,)  and  phoa- 
phuretted  hydrogen  (PH,).     The  solid  hydride  is  so  obscure  a 

IaubslJince  that  nothing  need  here  be  said  of  it,  except  that  it  is 
supposed  to  contain  two  atoms  of  hydrogen  and  one  of  arsenic 
(AsH,?). 
307.  ArsmiureUtd  ffydrogen, — ^This  very  dangerous  gas  may 
la  prepared  in  an  impure  state  by  decomposing,  with  sulphuric 
Bd  diluted  with  three  parts  of  water,  an  arsenide  of  xinc  ob- 
tained by  fusing  together  equal  weights  of  powdered  arsenic  and 
^m    granulated  zinc : — 

P  3H^S0^  +  2n^  ^  3ZnHS0^+  AsH, . 

As  it  is  not  possible  to  prepare  the  precise  alloy  Zn^As,  the 
arscniuretted  hydrogen  thus  obtained  is  always  mixed  with  hy- 
drogen. The  arsenide  of  sodium  can  be  decomposed  by  water> 
with  evolution  of  arseniuretted  hydrogen : — 

H  SEP  -h  Na,As  =  3NaH0  +  AsH, . 

H  The  same  remark,  however,  applies  to  this  reaction  as  to  the  pre- 
ceding one ;  the  product  in  contaminated  with  an  indeterminal^ 
quantity  of  free  hydrogen.  Arseniuretted  hydrogen  seems  also 
to  he  formed  whenever  the  oxides  of  arsenic,  or  compiiunds  of 
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these  oxides,  are  bmiight  in  contact  with  nascent  hydrogen.  A 
mixture  of  arseniuretted  hydrogen  and  hydrogen  may  be  readily 
obtained  by  acting  upon  zhic  by  dilute  chlorhydric  or  sulphuric 
acid  in  which  arsoiiioiis  acid  ha.'i  been  dissolved. 

308.  Araeniurettcd  hydrogen  is  a  colorless  gas,  having  a  fetid 
odor  ;  even  when  very  much  diluted  with  air,  it  ia  intenaely 
poisonous,  and  fatal  results  have  repeatedly  followed  its  acci- 
dental inhdation.  In  experimenting  with  this  deadly  gas,  the 
^reatast  care  is  required  not  to  inhale  the  least  portion  of  iL 
(thas  been  condensed  at  —40^  to  a  transparent  liquid,  but  it 
has  never  been  solidified.  The  gas  is  solnblo  in  water  at  the 
ordiniiry  temperature  only  to  the  extent  of  ooe- fifth  of  its  volume, 
and  neither  the  gas  nor  its  aqueous  Evolution  has  any  action  upon 
blue  or  red  litmus- paper.  In  spite,  therefore,  of  its  strong  resem- 
blanoe  to  ammonia  in  composition,  some  of  its  pliysical  proper- 
ties are  strikingly  unlike  those  of  that  very  soluble  and  intensely 
alkaline  gas.  Arseniuretted  hydrogen  burns  in  the  air  with  a 
whitish  flame,  forming  water  and  a  white  smoke  of  arsenioua 
acid ;  but  if  a  cold  body,  like  a  piece  of  porcelain,  for  examplOt 
be  introduced  into  a  jet  of  thw  burning  gas,  the  hydrogen  alone 
will  burn,  and  the  ariienic  will  be  deposited  in  the  metallic 
state  upon  the  porcehiin  surface,  forming  a  IubItous  black  spot. 
This  effect  is  precisely  similar  to  the  deposition  of  soot  on  a  eold 
body  held  in  the  flame  of  a  candle.  It  is  also  decomposed  when 
caused  to  pass  through  tubes  heated  to  dull  redness,  metallic 
arsenic  being  deposited  as  a  brown  or  blackish  mirror,  while 
hydrogen  gas  cscapej*.  This  decomposition  is  a  good  illostratioil 
of  the  dissociation  of  gases  (§  300)*  Chlorine  in  excess  reacts 
violently  upon  it,  forming  terchloride  of  arsenic  (AsCl,)  and 
ohlorhydric  acid: —  ~ 

AsH,  +  6C1  s=  AsCl^  +  3HCL 

When,  however,  chlorine  acts  on  an  excess  of  arseniuretted  hy- 
drogen, there  are  fonned  chlorhydrie  acid  and  motullic  arsenic  • 
flame  accompanies  this  reaction.  The  reactions  of  bromine  and 
iodine  are  similar  to,  but  less  violent  than,  those  of  chlorine. 
We  recall,  in  this  connexion,  the  decomposition  of  ammonia  by 
chlorine,  with  formation  of  chlorhydrie  add  and  liberation  of 
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nitrogen-  Arseniuretted  hydrogen  decompose  the  solutions  of 
the  Milts  of  many  of  the  hca^'y  metals,  but  the  prorlucts  arci 
somewhat  rarious  ;  sometimes  a  metallic  arsenide  is  precipitated ; 
sometimes  the  heavy  metal  is  precipitJited,  while  arsenious  arid 
remains  in  the  solution*  As  we  shall  tihortly  Bee,  the  chemical 
properties  of  this  gas  (ire  of  great  importance  in  Hie  j>roce«sea 
used  for  detecting  arsenic  in  cases  of  poisoning* 

30 li.  Ar&eniu retted  hydrogen  may  be  analysed  by  precisely 
the  »ame  method  which  wa*  nsed  for  the  analysis  of  phoKphu- 
retted  hydrogen  (§  260) ;  btit  the  results  can  only  be  approxi- 
mate, because  of  the  extreme  diffiLrult}\  not  to  say  impossibility* 
of  obtaimng  the  gas  in  a  state  of  tolerable  purity.  The  compo* 
sitioD  of  the  analogous  gases,  ammonia  and  phosphuretted  hydro- 
gen, and  the  specihc  gravity  of  the  gas,  lead  us  to  the  following 
statement  of  its  composition.     Two  volumes  of  the  gaa  contain 

rm  3  unit-volumes  of  hydrogen,  weighing      3x1      =3 

■  i  miit*volume  of  awemc- vapor,  weighing  J  X  160  ^  75 
Th 
mij 
mti 
vol 
as 
tm 
we 


2  unit- volumes  of  arseniuretted  hydrogen  weigh 
1  unit-Tolume  of  aiaeniuretted  hydrogen  weighs 


78 
39 


The  actual  specific  gravity  of  arseniuretted  hydrogen,  as  deter- 
mined by  experiment,  is  as  nearly  as  pogisible  3\), — a  fact  which 
mnke^  it  certain  that  two  volumes  of  the  gas  do  not  contAin  one 
ToJume  of  the  heavy  arsenic- vapor,  which  is  150  times  a§  heavy 
as  hydi^igen,  but  only  half  a  volume.  Herein  tbis  gns  differs 
from  ammonia,  but  resembles  phosphnrettiid  hydrogen.  The 
weight  of  the  quantity  of  arsenic  which  combines  with  three 
atoms  of  hydrogen  is  75,  just  as  the  weight  of  the  quantity  of 
nitfogen  which  combines  with  three  atoms  of  hydrogen  is  14 ; 
btit  75  parts  by  weight  of  arsenic-vapor  only  occupy  one  half  the 
B^^  which  14  parts  of  nitrogen  fill. 

310,  Arsenic  mid  Oinjgeri, — Arsenic  forms  two  well-defined 
caddea,  areenious  acid,  As^O^,  and  arsenic  acid,  As^O^.  The 
bladt  01m  which  forms  on  the  surface  of  the  metal  when  ex- 
posed to  the  air  is  by  many  supposed  to  be  a  suboxide^  while 
othrfB  think  it  is  more  probably  a  mixture  of  metallic  arsenic 
with  or&enious  acid.  The  first  of  the  above-mentioned  acids  cor- 
ttspunda  with  nitrous  and  phosphorous  acids,  the  second  with 
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mtric  and  pbospboric ;  but  orsenious  acid  is  very  stable,  in  com* 
panson  witb  arsemc  acid,  wbile  the  reverse  is  true  of  the  aiialo* 
gotia  acids  coDtaiiiiiig  mtrogeE  and  phospborus.  The  element 
araenio  possessea  many  properties  wbicb  ally  it  to  the  metals ;  but 
In  its  compounds  its  close  connexion  witb  nitrogen  and  phos- 
pbonifl  is  dearly  exhibited.  Its  oxides,  for  example,  are  both 
acids,  and  these  iidds  unite  with  the  oxides  of  the  metals  proper 
to  form  stable,  crystaOizable  salts,  which  are  in  many  cases 
iaomort^hous  with  the  corresponding  salts  containing  phospho- 
rus, 

311.  Arsenious  Acid  (ASjO^). — Arsenious  add,  known  in  oom- 
merce  as  arsenic,  or  wiiite  arsenic,  is  obtained  as  a  secondary  pro- 
duct in  the  roasting  of  arsenical  ores  of  nickel,  cobalt,  and  tin, 
and  OS  a  principal  product  in  the  roasting  of  arsenical  pyrites. 
The  volatile  matters  wbieh  escape  from  the  roajited  ores  consist 
mainly  of  sulphurouii  and  arsenious  acids  ;  the  first  is  allowed  to 
pass  off  into  the  atmosphere,  the  second  condenses  to  the  solid 
state  in  the  chambers  and  long  passages  through  which  the  vapors 
are  forced  to  pass  in  order  that  they  may  deposit  their  arsenious 
acid,  A  second  sublimation  purifies  the  raw  product.  Accord- 
ing to  the  tcmporatnre  at  which  the  arsenious  acid  is  sublimed 
and  condensed,  the  product  is  either  in  powder  or  in  transparent 
masses ;  a  low  t^^raperaturc  with  sudden  condensation  yields  ii 
white  i^owder  of  minute  crystals;  a  higher  temperature  with 
gradual  solidification  produces  a  transparent  glass. 

312.  Arsenious  acid  is  a  white  solid,  which  occurs  not  only  in 
two  conditions,  one  amorphous  and  the  other  crystalline,  but  also 
in  two  distinct  cryt*talline  fomis.  When  the  vapor  of  the  add  is 
cooled  so  quickly  that  it  sohdifies  at  once,  without  passing 
through  the  semifluid  state,  each  particle  of  the  solid  add 
assumes  more  or  less  perfectly  the  octahedral  form.  A  hot  satu- 
rated afjuenus  solution  of  the  acid  also  deposits  regular  octahe- 
dral crjstals  on  cooling.  The  amorphous,  glassy  variety  of  the 
add  changes  spontaneously,  when  kept  in  contact  with  the  air, 
into  an  aggregation  of  minute  octahedral  crystals,  thereby  be- 
coming opar|ue  and  porcelain -like  in  appearance.  The  other 
cnystAlliue  form  of  arsenious  acid  is  the  right  rhombic  prism ; 
this  form  occurs  much  less  frequently  than  the  first,  and  is  con- 
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^Verted  inta  the  octahedral  form  by  sublimation  and  by  solution 
in  hot  water. 

The  two  varieties  of  arsenions  acid,  the  vitreous  and  the  porcel- 
neous,  differ  decidedly  in  physical  and  chemical  properliea,  yet 
they  have  precisely  the  saine  chemical  composition ;  and  when 
eifher  variety  changes  into  the  other,  no  alteration  of  weight,  no 
addition  or  subtraction  of  matter  accompanies  the  change.  The 
varieties  contain  the  same  two  elements  in  precisely  tfaa 
oe  proportions.  When  two  or  more  compounds,  which  cjthibit 
ential  differences  of  physical  and  chemical  pro]>ertiis,  are, 
'  nevertheless,  found  to  be  identical  in  respect  to  constituent  ele- 
ments and  their  proportions,  the  compounds  are  said  to  be  i§9m. 
n,'ric  (equal  parts)*  The  term  allotropism  (§  162)  properlj 
applies  to  the  eUments  only,  the  term  isomerism  to  wmjMnmds 
only ;  both  terms,  however,  refer  to  one  and  the  KOlo  utt* 
jueetionable,  though  perplexing,  truth — -namely^  that  ihr  wiilc«t 
iiverftity  of  properties  may  coexist  with  abnolute  idc-ntitj  of  ' 
r^timate  chemical  constitution.  Two  allotropic  tsUttm  of  tbe 
ame  element  not  infrequently  present  more  ttnidiii;  diHer- 
Qces  than  elements  recognized  as  distinct;  and  UDoog  tbt 
numerous  complex  compounds  of  carbon  with  whidl 
chemistry  deals,  there  are  many  isomeric  compounds  wUcli  i 
so  entirely  dissimilar  as  to  lead  almost  irresistibly  to  Um  lidkf 
tiat  it  is  of  aB  much  consequence  how  the  atoms  of  m  wmfmnA 
arranged  as  what  kind  of  atoms  they  are.  AmsMom  mM 
not  afford  a  very  striking  example  of  isommrai ;  scftfflie- 
the  properties  of  its  two  modifications  are  quite  dhr^fae.  If 
it  be  true  that  the  different  arrangement  of  atonit  is  tW  (sttw*  of 
he  diversity  of  isomeric  compounds,  it  is  evident  thai  tLc  4iflSer' 
(ice«  between  two  varieties  of  a  compound  of  only  twu  Jo^di  of 
atoms,  united  in  the  simple  ratio  of  2  to  3.  canDOl  be  fMf»i4i4  U^ 
be  so  marked  as  the  differences  between  iiKiincrk 
which  contain  four  or  five  elements  united  in  the  ' 
eatod  proportions  which  frequently  charsctcriM  thm 
of  cJirbon.  Nevertheless  the  differences  betvaes  lli»  ♦»•-  i*^ 
meric  compounds  of  arsenic  and  oxygen  are  ioAcieDtiy  ^ 
The  glassy  acid  dissolves  much  more  mpdij  ia  vmLm  Uiaa 
the  porcekin-like  variety^  being  three  timca  a»  aaAili*  i*  ikt^ 
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liquid.  The  relation  of  the  two  varieties  to  heat  is  not  the  sa^ne  " 
iorwhen  the  vitreoas  acid  changes  into  the  opaque,  heat  h  disen- 
gaged. As  this  chanf^e  generally  takea  place  slowlj,  from  the 
Burface  towards  the  centre  of  any  fragment  of  the  vitreous  variety, 
the  heat  evolved  is  not  perceived ;  hut  if  the  change  he  suddenly 
accomplished,  not  only  heat,  but  light  also  will  be  disengaged. 

JKi7>.  122, — Dissolve  4  or  5  prnus.  of  the  vitreous  acid  in  a  hot  mix- 
ture of  24  grma.  of  strong  chlorliydric  acid  and  8  c.  c.  of  water,  and 
let  the  solution  cool  slowly ;  the  arstjuious  acid  will  ervstalliie  in 
transparent  octahedron «;,  and  the  formation  of  the  crystals  will  be  au- 
companied  hy  flashes  of  light. 

The  speciJic  gravity  of  the  vitreous  acid  is  3*738 ;  that  of  tlie 
porcellaneous  3-690.  The  opaque  variety  may  he  changed  into 
the  vitreous  by  long  boQing  with  water.  It  appears,  therefore, 
that  the  arrangement  of  atoms  which  may  he  supposed  to  fur- 
nish the  vitreous  acid  is  stable  only  at  high,  temperatures,  and 
that  the  arrangement  of  atoms  which  is  peculiar  to  the  opaque 
acid  is  stable  only  at  low  tern perat tires. 

313.  Arsenious  acid  volatilizes  without  change  when  heated 
with  free  access  of  air ;  if  heated  in  contact  with  carbon,  it  givea 
up  its  oxygen,  and  metallic  arsenic  is  liberated.  Copper  and 
many  otber  metals  reduce  arsenious  acid. 

Ejp,  123. — Place  a  few  particles  of  arsenioua  acid  in  an  open  tnbe 
of  haul  glass  (No.  5)  about  10  c.m,  long,  and  heat  the  acid  over  th« 
lamp,  holding  the  tube  in  a  eloping  position  ;  the  white  solid  will  bis 
volatilixed,  but  it  will  imnipdiRtely  b**  deposited  again  upon  the  cold 
part  of  the  tube.  By  the  aid  of  a  lens,  this  deposit  may  be  seen  to  be 
crystalline. 

Fig.  46.  Erp.  124.— Drop  into  the  point 

of  a  drawn-out  tubti  of  hani  glni^, 
No.  5,  a  morsel  of  ai-seuious  acid^ 
and  above  it  place  a  splinter  of 
charcoal  (Fig.  4<i);  heat  the  coal 
red-hot  in  the  flame  of  the  lamp, 
and  then  volatili^e  the  arsenious  acid.  The  acid  will  give  its  oxygen 
to  the  conl,  and  the  arsenic  will  he  deposited  in  a  ring  on  the  i:old 
part  of  the  tube,  presenting  a  brilliant  metnllic  appearance. 

jEj7>,  l^*"*. — ^Throw  a  particle  of  arsenioua  acid  upon  a  piece  of  red- 
hot  charcoal ;  the  acid  will  be  partly  reduced,  and  the  peculiar  garlic 
odor  of  the  vapor  of  metaHic  arsenic  will  be  perceived* 
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w^p,  126. — ^IHssolTe  a  few  centigraimne*  of  arsenloiw  acid  in  5  or  6 
e.  Cl  of  chlorli jdrie  a^d  heated  la  a  test-tube ;  in  the  hot  solution 
immerse  a  narrow  strip  of  clean  copper ;  an  iron-graj  film  will  btj  de- 
posited upon  the  copper.  This  coating  contains  metallic  ai^enic  de- 
riTed  from  the  arsenioiifl  acid  j  it  oonaiata  of  au  alloy  of  arsenic  and 
ocpp«r. 

314.  It  is  very  difficult  to  say  what  the  solubility  of  arsenioug 
acid  in  water  really  is.  The  results  of  ditterent  eicperiinenters 
present  very  wide  discrepancies,  due  in  part  to  the  fact  already 
stated,  that  the  two  modifications  of  araeniouB  acid  are  of  unlike 
Bolubility,  and  in  part  ako  to  the  circumstance  that  the  acid  dis- 
aolres  with  extreme  slowness.  The  difficulty  of  the  determina- 
tion 18  increased  hy  the  readiness  with  which  either  raodification 
pnases  int^  the  other  in  consequence  of  change*  of  temperature ; 
it  is  quite  jjossible  that  hoth  varieties  may  simultaneously  exist 
in  the  same  solution.  A  hot  aqueoua  solution  usually  cont^na  1 
part  of  the  acid  in  10  or  12  parts  of  water  ;  on  cooling  this  solu- 
tioa,  a  portion  of  the  acid  separates,  leaving  a  solution  which 
©ontttins  1  part  of  acid  in  20  to  30  parts  of  water.     The  aqueous 

Itition  has  a  feeble  acid  reaction.  No  definite  hydrate  of  arse- 
acid  is  known.  The  acid  is  much  less  soluble  in  alcohol 
than  in  water.  Hot  chlorhydric  acid  dissolves  it  -with  facility, 
and  when  cold  retains  a  large  proportion  in  solution ;  other  acids^ 
even  some  vegetable  acids,  dissolve  it  readily  when  hot,  though 
most  of  them  keep  but  little  in  solution  when  cooled.  When  the 
tolntion  of  arsenious  acid  in  chlorhydric  acid  is  evaporated,  a 
compound  of  chlorine  and  arsenic,  the  tor  chloride  of  arsenic 
(§  336),  is  volatilized,  and  the  solution  thus  loses  a  portion  of 
its  arsenic.  This  fact  is  of  importance  in  examinations  for  arsenic 
in  cases  of  suspected  poisoning. 

315.  Solutions  of  caustic  soda  and  potash  readily  dissolve  the 
ttdd^  a  soluble  arsniiU  of  sodium  or  potassium  resulting  from 
the  rpaction.      From  these  arsenites  of  sodium   and  potassium 

arsenites  of  other  metals  are  generally  obtained  by  the  way 
double  decomposition.     The  arsenites  are  numerous,  but  they 
ate  not  vary  stable  and  have  been  but  little  studied. 

316.  Arsenious  acid  is  oxidized  and  converted  into  arsenic 
idd  by  digestion  with  nitric  acid.    Tlie  some  transformation  is 
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brought  about,  but  quicker,  by  the  action  of  aqua  regia,  and  by 
chlorine,  bromine,  and  iodine  in  presence  of  water*  When 
iodine  is  added  to  a  solution  of  arsciiiouB  acid  mixed  with  a 
little  starch-paRte^  the  whole  of  the  arsenious  acid  is  converted 
into  arsenic  acid  before  any  blue  coloration  of  the  starch  is  pro- 
duced by  the  iodine.  These  facts  are  turned  to  account  in  the 
volumetric  determination  of  chlorine  (§  565),  Sulphuretted  hy- 
drogen colors  an  aqueous  solution  of  arsenious  acid  yellow,  and 
precipitates  a  yeOow  sulphide  of  arsenic  (§  210)  from  a  solution 
acidulated  with  chlorhydric  acid. 

Arsenious  acid  is  a  violent  poison,  all  the  more  dangerous 
because  it  has  neither  taste  nor  odor  to  warn  the  victim  of  its 
presence ;  two  decigrammes  of  it  will  cauBo  death.  All  the  solu- 
ble salts  of  arsenious  acid  are  likewise  horribly  poisonous.  The 
best  antidote  to  the  poison  is  a  mixture  of  moist,  freshly  precipi- 
tated sesquioxide  of  iron  and  caustic  magnesia. 

317.  Arsenious  acid  is  largely  used  for  the  manufacture  of 
two  green  paints,  an  arsenite  of  copper  and  a  compound  of 
arsenite  and  acetate  of  copper;  it  is  applied  as  an  oxidizing 
ag<?nt  in  the  mamifacture  of  glass;  it  is  used  for  poisoning  ver- 
min, and  is  consumed  in  considerable  quantities  for  producing 
the  arsenic  acid  which  is  used  in  the  dyeing  and  printing  of 
cloth,  and  in  the  manufacture  of  aniline  colors;  it  is  used  in 
very  small  doses  as  a  remedy  for  asthma,  and  in  some  skin-dis- 
eases. Although  the  acid  is  so  violent  a  poison,  it  seems  to  be 
possible,  by  beginning  with  small  doses  and  gradually  increasing 
them,  to  accustom  the  hitman  body  to  sustain,  without  injury, 
doses  of  2  to  3  decigrammes,  or  even  more ;  the  arsenic  thus 
t^iken  is  said  to  produce  a  plump  and  healthy  appearance  in  those 
who  use  it,  and  especiiUly  to  increase  the  power  of  the  respira- 
tory organs,  In  veterinary  practice,  it  has  been  found  that 
arsenious  acid  administered  to  animals  in  this  manner  imjiroTSS 
tho  appearance  of  the  skin. 

318,  Arsenie  Add  (As  0^,). — This  compound  is  produced  by 
Oxidizing  arscniotis  acid  with  nitric  acid,  aqua  regia,  hypochlorous 
acid,  or  otlier  oxidizing  agents. 

Ktp.  127.— Add  4  grms.  of  powdered  rtrspDioup  acid,  little  by  little^ 
to  a  mixture  of  4  gnus,  of  concentrated  nitric  acid,  and  8  gnna.  of 


I 


4 


I 


ft 


coiicenttiM'iiEtBrbTdnc  acid^  cootiuiied  is  a  small  eTapoimting  dial; 
and  gentlr  lieated  orer  a  liuup  in  »  strong  cutmnt  of  iiir,  or  benf- 
a  weU^Teotalated  hr»od.  The  liquid,  which  at  first  gives  o^f  red  fumi 
in  cnnsAderiUe  qoantitT,  most  b^  evaporated  until  it  assumes  a  Bjmf 
ccmaisteocy,  WflwaUing  that  of  oil  of  vitriol  Thia  SYTupy  liquid 
arsenic  acitL 

319,  The  syrupy  solution  thus  obtained  dqioiits,  after  stund- 
ing  for  some  dajB,  at  the  ordinanr  tempeimtsr^  Ififitparent 
elongated  prisms  or  rhomboidal  kininjE,  Thiit 
to  100^,  first  melt  and  then  yield  the  terhydrate  «tf 
(3H,0^A8pj  =  2H,AsOJ  as  a  crystallhw 
same  hydrated  acid  separates  in  large  priiiiEtttat  isjNllilb  tydom  % 
concentrated  aqueous  solution  is  co5lcd  to  a 
There  are  two  other  hydrates  of  the  oxide  Aii/9^/— ia  \ 
2BfiMPi  =  H>fi,0,,  and  a  monobydr«#i;.  Mfr,.U/\ 
2HAgO, ;  both  these  lower  hydrates  are  tihlmmS  teni^  tt» 
hydrate  by  subjecting  the  latter  to  the  pratcmgnll  laifliili  ^t 
temperattires.  If  either  of  the  hydrates  be  kfflttnf  tti> 
ncss,  a  white  amorphous  mass  rumains,  wlikii  h  ibt 
acid,  As^O^ ;  this  substance  has  no  action  npos  Bbboi^ 
to  he  i^<:areely  soluble  in  water.  After  laaf  txjfmum  V  rntmtL 
air,  it  slowly  deliquesces,  and  if  oovored  wkk  ' 
for  a  long  time»  it  at  last  dissolves,  being  j 
the  soluble  tcrhvdrate.  At  a  fuU  red  ImbK  U  j 
arsenious  acid  and  oxygen. 

320,  In  spite  of  the  recognized  exirteM»  if  Amt  mU  kf' 
dratea  of  arbiTjic  acid,  there  is  but  one  mumsm^mhtm  af  Iha 
acid«  inasmuch  us  the  monobydrate,  the  IA|#«6e,  g^  ^  | 
dride,  are   all  immediately  converted  iat#  thr 
dissolved  in  water.     The  solution  ha§*m  fwj  Mor'taCi  ml  » 
stxong  acid  reaction  on  vegetable  colofi.    IW « 
it  highly  corrosive  and  produces  blist«n  < 
•cid  and  its  salts  are  poisonous,  but  m^immtt^  m  * 
ar§enioua  ncid  and  the  arsonites. 

321,  Arsenic  acid  is  a  strong  add,  dipdjb  ^t  •^^iTnie  tfl 
tbc  mure  volatile  acids   from  their  mUs  is  |^f, 

Its  three  hydrates  are  strictly  compuMiWigk^  cm^  li^^i^ 
^  phoiphoric  acid. 
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HAsO, 
H.Asa 


Hydratet 
Arumic  Add. 


Mydratea  I HPO^ 

Tfimphortc  Actd.  {  H^PO^ 
Either  one,  two,  ar  all  three  of  the  hydrogen  at-oms  in  common 
iireenic  acid,  H,AsO^,  may  be  replaced  by  a  metal,  so  that  three 
arseniates  of  any  one  metal  may  exist,  as  for  example, 

NaIL.A50,  NajHAflO,  Na^AsO^ 

Acid  ArsmiaU  ^^  Neuirar^  AneniaU  Btmc  AnenittU 

of  Sodium,  of  Sodium*  of  Sudtmiu 

If  an  add  arseniate  be  suitably  heated,  a  meta-arseniate  result 
as,  for  example,  NaAsO^  =  NaH^AsO^  —  H^O;  if  a  neutr 
arseniate  be  sufliciently  heated,  a  pyro-arseriiate  rasults,  aa,  for 
example,  Na^Aa^jO^  =  2Na«HLisO^  —  H^O ;  but  such  meta-  and 
pyro- arseniates,  unlike  the  cornsponding  meta-  and  pyro-phos- 
phates,  have  very  little  stability,  take  up  again  the  molecule  of 
water,  which  the  heat  expelled,  the  moment  they  are  brought  in 
contact  with  water,  and  are  so  changed  back  a^ain  into  salts  of 
ordinary  arsenic  acid.  The  salts  of  arsenic  acid  are  isomorphous 
throughout  with  the  corresponding  phosphates, 

322.  Arsenic  acid  is  readily  reduced  to  arsenions  acid,  and, 
consecjuently,  acts  in  some  cases  as  an  oxidizing  agent.  Thus 
sulphurous  acid  reduces  arsenic  acid,  and  is  itself  converted  into 
Bulphuric  acid  i^ — 

2H,AflO^  +  2S0^  =  2H,S0^  +  Asp,  +  Hp, 
Bulphydric  acid  gas,  passed  through  a  not  too  concentrated  soIii<i 
tion  of  arsenic  acid,  slowly  precipitates  the  yellow  tersulphide  of 
ftraenic,  the  action  being  assisted  by  heat  and  by  the  presence  of 
aaother  acid.  Charc^oal  and  the  metals  at  a  red  heat  reduoe 
arsenic  acid  to  the  metallic  state,  just  as  they  do  ar&enious  acid, 

323.  Arsenic  acid  has*  been  extensively  used  in  calic" -print- 
ing, in  place  of  the  more  expensive  tartaric  acid,  for  developing 
white  patterns  on  a  colored  ground  in  the  ehloride-of-Ume  vat. 
It  is  abio  an  excellent  prcMei-vative  of  animal  substitnces.  and  is 
accordingly  used  to  defend  the  specimens  and  prepai*adon*  of 
the  anatomist  and  naturalist  &om  decay  and  from  the  attack  of 
insects* 

324.  Dfttcfion  of  arsenic  in  cases  of  poison hiff, — Nearly  aU 
compounds  of  arsenic  are  poisonous;  but  ai'scniuus  add  is  best 
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known  and  most  easilj  procured,  and  U  therefore  most  likely  to 
Ik?  mt*t  with  in  easea  of  poisoning  by  arsenic,  whether  accidental 
or  intentionaL  In  criminal  tritils  the  solubility  of  arsenious  acid 
in  water  has  often  been  much  discussed ;  hut  this  is  practically  a 
at  of  little  importance,  for  the  tasteless  poison  is  gone  rally 
abtered  in  the  solid  state  mixed  with  soup,  gnielj  milk,  or 
eron  with  solid  food.  It  thus  somelimes  happens  that  small  par- 
ticles of  the  poison  can  be  found  atlhering  to  cuh'nary  Tessols, 
cups^  plates,  or  spoons,  or  even  to  the  coatings  of  the  stomach 
and  intestines  after  death*  If  the  arsenious  ueid  is  too  finely 
divided  to  be  picked  out  in  lumpSj  it  may  sometimes  be  sepa- 
rated by  stirring  up  the  mass,  under  examination,  with  water,  and 
leaTing  the  heavier  particles  to  settle.  Any  solid  arsenious  add 
that  may  he  present  will  be  sure  to  be  found  in  the  residua ;  it 
may  be  washed  with  cold  water*  It  is  always  very  satisfactory 
thus  to  obtain  the  solid  poison  in  the  condition  in  which  it  was 
administered,  becausa  the  examination  is^  in  such  cases,  yezy 
direct  and  conclusive.  It  is  only  necessary  to  try,  with  the  white 
powder  thus  obtained,  the  experiments  already  given  to  illustrate 
the  properties  of  arsenious  add  (Exps.  123-126),  together  with 
certain  other  discnminating^  tests  shortly  to  be  described. 

325.  It  more  frequently  happens,  however,  that  the  arsenio 
has  been  dissolved  by  the  acid  secretion  of  the  stomach,  and  has 
become  intimately  mixed  with  the  food  or  excretions,  or  incor- 
porated into  the  substance  of  the  organs  themselves.  The  exa- 
mination then  becomes  more  difficult.  The  reduction  of  arsenious 
acid  by  copper  (Exp.  126)  is  an  available  test  in  such  cases. 
To  the  suspected  matter,  if  Liquid,  about  one-sixth  of  its  bulk  of 
ehlorhydric  acid  is  added,  and  the  mixture  is  gently  boiled. 
Solid  tissues  must  be  cut  into  small  pieces  and  boiled  for  some 
time  with  dilute  chlorhydric  acid  (1  part  acid  to  6  parts  water) 
until  the  whole  is  disintegrated  ;  this  solutian  is  finally  clarified 
by  filtration.  Strips  of  copper  gauze  or  foil  are  then  immersed 
in  the  boiling  liquid ;  and  if  any  gray  deposit  is  produced,  fresh 
pteeea  of  metal  are  added  so  long  as  the  color  of  the  copper  b 
perceptibly  changed.  They  are  then  removed,  washed  with 
water,  dried,  folded  up,  placed  in  a  dry  tube  of  hard  glass  and 

ifcly  heated.     Some  of  the  metalUc  arsenic  in  the  gray  aUoy 
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will  be  converted  into  arsenious  acid,  which  collects  on  the  oold 
piirt  of  the  tiibe  in  the  form  of  a  ciydtaUine  sublimate*  To  this 
sublimate  all  tests  for  the  identification  of  arsenious  acid  can  be 
applied.  This  mode  of  operation  is  known  as  Beinsch's  test* 
The  chlorhydrio  acid  employed  must  be  proved  to  be  firee  from 
arsenic, 

326*  Another  method  of  separating  arsenious  acid  f^om  tlie 
or^aic  matters  with  which  it  is  mixed  is  that  of  diahjAis,  a  pro- 
cess  which  depends  upon  the  very  diiferent  rates  at  which  differ- 
ent substances  diffuse  through  water. 

Mfp.  128. — Select  two  straig-ht-Mded  bottles  of  clear  glm^  about  15 
cm.  deep  and  8  to  9  cm,  wide.  Fill  them  seven -eight  ha  full  of  dis- 
tilled water,  or  any  pure  soft  water.  Diasolvo  10  g^m«.  of  bichromate 
af potassium  in  100  c.  c  of  water;  suck  as  much  of  this  solution  ns 
will  lill  the  remaiuin^  eighth  of  one  of  the  above-mentioned  bottles 
into  a  pipette  (Appndix,  5  22),  imd  carefully  convey  the  colored  fluid 
to  the  bottom  of  the  bottle  by  bnnp'Lng  the  fine  point  of  the  pipette  to 
the  bottom  of  the  bottle  j>nd  then  allowing  the  liquid  to  tiow  very 
slowly  out  of  the  pipette.  If  time  enough  (5  or  0  minutes)  be  taken 
for  this  process,  no  sewHible  intermixture  of  the  two  liquids  will  take 
place  during  the  delivery.  Dissolve  10  grms.  of  caramel  (melted  and 
partially  burnt  su^^ar)  in  100  c,  c.  of  water,  and  convey  to  the  bottom 
of  the  second  bottle,  in  the  same  manner  as  before^  enough  of  the 
dark-colored  solution  to  fill  the  bottle. 

The  two  bottles  are  left  at  rest  for  several  days  in  a  room  where  the 
temperftture  h  nearly  constant  Spontaneous  diffusion  inini(^diately 
begins ;  and  the  very  dillerent  rates  at  which  the  two  colored  sub- 
Btance^  dilJ'use  upwards  through  the  water  should  be  from  time  to 
time  observed, 

327.  Substances  which  have  a  comparatively  hi^h  diffusive 
power  have  generally,  thouirh  not  invariably,  the  power  of  crya- 
tallidng :  their  solutions  are  generally  firee  from  viscosity,  and 
always  have  taste.  Such  substances  are  designated  by  the  term 
crtfsfulhuh.  Among  crystalloids  there  are  wide  differences  of 
dilfuftive  power ;  thus  caustic  potash  diffuses  twice  as  fast  as  sul- 
phate of  potassium,  and  sulphate  of  potassium  twice  as  fiiat  i 
sulphate  of  ma^esium. 

Biibstances  of  very  low  diffiisive  power  have  little,  if  any" 
tendency  to  crystalliise,  and  affect  a  vitreous  structure.     Such 
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fuMancet  are  often  very  soltible  in  water;  but  their  solutions 
have  always  a  certain  degree  of  viscosity  when  concentrated, 
and  are  indpid  or  wholly  tasteless.  By  combining  with  water, 
these  gubstaneea  are  apt  to  form  jellies.  Gelatine  has  been 
taken  as  the  type  of  this  cltiss ;  and  they  have  hence  been 
called  C(yIloidSf  a  name  derived  from  Greek  words  ai^iif^ing 
glue-likt*  Among  the  colloids  rank  hydruted  aihcic  acid,  alumina, 
starch.  gum«,  caramel,  albumen,  and  animal  and  vegetable  extrac- 
tive matters. 

As  we  can  separate  by  means  of  distillation  or  evjiporation  two 
WUojsi  of  diiferent  volatility,  so  by  the  aid  of  difiUsion  we  can  sepamte 
one  substanca  more  or  less  completely  from  anotber.  Jellies  and  col- 
loid membmnes  are  penneabk  to  cryst^dloids^  but  are  praciioally  im- 
|»*iTmeabl«  by  colloids  like  tbemselves.  By  means,  therefore,  of  a 
Colloidal  diaphra^i,  or  partition,  crvi^talloids  can  be  separated  from 
eollolds  by  diffusion-  Tbe  most  suitable  substance  for  the  dialytic 
diaphragm  is  parciiment  paper,  prt^pared  by  soaking  unglazed  paper, 
for  4  few  seconds,  in  a  mixture  of  tj  parts  of  strong  sulphuric  acid  and 
1  perl  of  water,  and  im mediately  wasbing  it,  first  in  water  and  t ben  in 
water  coDtaining  amniouia.  The  paper  subjected  to  this  treatment 
becomes  semi tmospa rent  and  tough,  like  parcbment, 

A  diuh/^tj  as  tbe  apparatus  for  effecting  separation  by  diffusion  is 
called*  couei^ta  of  two  pnitta-percha,  or  wooden,  hoops,  one  of  which 
ahould  be  5  cm.,  and  tbe  othtr  2*5  cm.  dtsep,  Tbo  deeper  hoop  is 
alightly  conical,  and  the  shallower  mu^t  slip  over  the  small  end  of  the 
det^per.  The  hoops  may  lie  from  15  to  25  cm.  in  diameter.  The 
parchment  paper,  which  is  to  form  the  b<ittom,  must  be  about  8  cm, 
wider  than  the  email  end  of  the  5  cm,  hoop.  To  prepare  thi?  dialyzer 
for  nse»  ioak  the  parchment  paper  for  about  a  minute  in  distilled  water; 
atretch  it  evenly  over  the  small  end  of  the  5  cm,  hoop  and  stijiin  it 
cm  tightly  by  pushing  over  it  the  2'5  cm,  hoop.  The  paper  must  be 
5rd  smoothly  up  round  the  outside  of  the  deeper  hoop,  and  the 
om  mu*t  be  flat  and  even. 

Th<^re  must  be  no  small  holes  in  the  paper  To  detect  such,  put 
dislilb'd  wat**r  into  the  dialy^er  to  the  depth  of  5  m.m.,  and  place  the 
dialyzer  on  some  white  blotting-paper.  If  any  wet  or  dark  spots  ap- 
pear, they  indicate  the  existence  of  small  boles.  To  close  such  holes, 
apply  to  the  under  surface  of  the  paper  about  the  holes  some  solution 
of  albumen,  put  on  a  small  patch  of  parchment  pflp*?r»  and  iron  the 
pMch  with  ft  hot  smoothing-iron.  The  albumen  will  coagulate,  ^jl 
patch,  and  close  tbe  hole. 

£xp.  VJiK — Into  the  dialyser  so  prepared  pour  an  aqueous  solution 
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contnining  five  per  cent,  of  cane-sugar  and  five  per  cenf 
arabic»  to  the  d«pth  of  about  1'25  cm.  Then  float  the  dialvjier  on 
distilled  water  contained  in  a  fliit  basin.  The  volume  of  water  in  the 
hiLsm  should  be  from  5  to  10  tiroes  as  great  as  the  volume  of  the  fluid 
in  the  dialyzer.  The  wider  the  dialyzer  and  the  greater  the  quantity 
of  distilled  water  in  the  tjuter  bailing  the  more  rapid  and  effective  the 
diffuBion,  A  dialyzer  15  cm.  in  dimueter,  server  to  operate  upon  200 
to  250  c.  c.  of  litiuid ;  one  of  20  c»m.  upon  400  to  460  c.  c. ;  one  of  25 
cm.  upon  GOO  c,  c. 

After  the  lapse  of  twenty-four  houns,  the  water  in  the  basin  should 
be  poured  into  an  evaporatin^-dish  and  gently  evaporated  over  a  water- 
bath.  Pure  sugar  will  crv^^tallisse  from  the  solution.  The  augar,  a 
crystalloid,  has  passed  throo^'-h  the  diaphragm  ;  the  gunji  a  colloid,  Km 
remained  in  the  dialyzer,  It  should  be  remarked  that  gum  is  %vbnlly 
unervstallizttbKand  that  the  mixed  B^t>luti»m  of  gum  aud  sugar  will  not 
yield  cryatalg,  but  only  an  amoi^houa  mass,  when  evapomted. 

328»  By  means  of  this  dialyzing  appiiratus,  arsenious  acid> 
salts  of  the  metals,  strycbnine,  and  other  crystallizable  poisons^ 
mineral  and  organic,  can  be  readily  separated  from  organic 
fluids ;  and  the  process  has  the  very  great  advantage  of  intro* 
ducing  no  metal,  chemical  reagent,  or  other  foreign  substance 
into  the  fluids  under  examination.  After  twenty- four  hours,  the 
crystallizable  poison,  or  a  large  proportion  of  it,  will  have  been 
transferred  to  the  disdlled  water  in  the  outer  basin,  and  in  this 
solution  it  may  be  sought  for  by  the  application  of  the  appro- 
priate tests, 

JSxp,  130. -^Dissolve  01  grm.  of  arsenioiis  acid  in  about  30  c.  c.  of 
hot  water,  and  stir  the  solution  into  about  200  c.  c.  of  milk,  ale»  soup, 
gruel,  or  other  thick  organic  tluid ;  place  the  poisanoua  fluid  in  a  15 
c»m.  dialyzer  and  float  the  dialyzer  on  two  litres  of  distilled  water  in 
a  dean  basin.  Allow  the  apparatus  to  stand  at  rest  in  a  room  where 
the  temperature  is  tolerably  uniform  for  forty-eight  hours.  At  the 
expiration  of  this  time,  transfer  the  clear  solution  in  the  basin  to  an 
evaporating- dish,  without  losing  a  drop,  rinse  the  basin  carefully  with 
distilled  water,  and  add  the  rinMugs  to  the  contents  of  the  dish ;  eva- 
porate the  solution  over  a  water-bath  (see  Appendix,  §  14)  to  the  bulk 
of  50  c.  c.  To  one-third  of  this  concentrated  solution  atld  a  few  drops 
of  pure  chlorhydriL^  acid,  and  apply  Reinsch's  test  for  arsenic  (|  325), 
with  due  regard  to  the  small  scile  on  which  the  operation  must  be  coo- 
ducted.  About  0025  grm,  of  arsenious  acid  is  the  quantity  which  may 
be  expected  to  respond  to  the  teat  by  copper,    Three-4^uarters  of  the 
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on^nal  dectgmmme  should  be  tmnsferred  hy  difFusioii  tbrougli  Ike 
dialyzef  in  the  course  of  forty-eight  houre^  and  of  thi^  solution  of  this 
0O75  grnL  of  ursenioua  acid  we  have  taken  one-thii'd.  The  rest  of 
the  solution  b  to  be  reaerved  for  te^la  hereafter  to  be  described. 

829*  When  the  arsenious  acid  must  be  sought  in  large  organs 
of  the  body,  like  the  stomachy  liver,  or  intestines,  or  in  consider- 
able quantities  of  disgusting  setnilluid  materials,  it  is  sometimes 
necessary  to  utterly  destroy  the  organic  matters  by  proceasefB 
which  cannot  cause  the  loss  of  arsenic.  Several  methods  may  be 
empliiyed  for  this  purpose.  1.  The  organic  matter  is  gently 
heated  in  a  tubulated  retort  with  strong  clilorhydric  acid,  and 

Cng  nitric  acid  is  added  from  time  to  time.  The  organic  mat- 
is  thus  completely  destroyed,  with  the  exception  of  the  fat, 
A  cooled  receiver  is  connected  with  the  retort  to  condense  the 
distillate  from  the  hot  mass.  The  fat  is  separated  from  the  clear 
liquid  in  the  retort  by  decantation,  and  well  washed  with  water ; ' 
these  washings,  together  with  the  distillate  in  the  receiver,  are 
added  to  the  main  hulk  of  the  fluid.  2.  Chlorate  of  potassium 
may  be  added  instead  of  nitric  acid.  3.  The  organic  matter, 
after  being  made  as  fine  as  possible,  is  stirred  up  with  water, 
and  chlorine  gas  is  passed  through  the  liquid  until  the  organic 
substances  are  partly  destroyed  and  partly  deposited  in  brown 
flakes. 

All  th^e  processes,  and  there  are  others  based  on  like  pria- 
clples,  are  processes  of  combustion ;  aqua  regia,  chlorate  of  po- 
tassium, and  chlorine  are  oxidizing  agents  of  great  power,  as  we 
ImTe  already  seen ;  they  bum  the  carbon  and  hydrogen  of  the 
organic  materials  as  literally  as  the  oicygen  of  the  air  bums  the 
coal  in  the  grate.  The  arsenic  also  is  oxidized  and  converted 
into  its  highest  oxide,  arsenic  acid.  Whenever  chlorliydric  acid 
h  used,  and  heat  is  spplied,  there  is  danger  that  chloride  of 
arsenic  (AsCl,)  may  be  formed ;  this  chloride  is  a  volatile  body, 
against  whose  loss  precautions  must  be  taken,  by  never  aUowing 
the  tcmpt^rattire  of  the  fluids  to  rise  much  above  100^,  and  by 
collide  ting  any  distillate  which  may  be  formed  under  circumstances 
which  make  it  possible  for  this  chloride  to  be  evolved. 

330.  All  these  methods  of  destroying  the  organic  matters  in 
which  nrsenious  aeid  is  to  be  sought  for  are  liable  to  one  objec- 
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tioD.  Considerable  quantities,  even  kilogjatnTnes,  of  acids  muffi 
be  ased,  if  the  quantity  of  organic  substance  to  be  destroyed  ta 
large ;  cblorhydric  and  sulphuric  adds  very  commonly  them sel tee 
contain  aiTienic,  and  since  the  liquids,  which  result  from  tiie  de- 
struction of  the  oi  j;ramc  tissues,  are  finally  evaporated  to  a  very 
small  bulk,  all  the  arsenic  in  several  kilogrammes  of  the  acida 
employed^  an  well  as  all  the  arsenic  which  may  have  been  con* 
tained  in  the  bodily  orgrms  or  fluids  submitted  to  examination,  will 
be  concentrated  into  a  smnll  cupful  of  liquid.  It  is  obviously 
necessary  to  demonstrate  that  the  arsenic  reactions  cannot  be 
obtained  from  the  same  quantities  of  the  same  acids  actually 
employed,  subjected  to  the  some  series  of  operations.  The  best 
way  is  to  conduct  a  parallel  examination  of  normal  animal 
organs  or  fluids ;  in  this  examination  the  identical  processes  and 
the  same  weights  of  the  same  chemical  materials  must  be  em- 
ployed as  in  the  examination  of  the  suspected  substances;  if 
arsenic  is  found  in  the  latter  investigation,  but  not  in  the  parallel 
examination  of  the  normal  animal  substanccHj  it  will  be  quite 
ceitain  that  the  arsenic  was  not  derived  from  the  chemicals  em- 
ployed in  the  research, 

33L  When,  by  any  of  the  processes  above  described,  a  clear 
arseniciil  solution,  free  from  organic  matter,  has  been  obtainod^ 
the  identification  of  the  arsenic  may  be  accomplished  by  many 
methods,  of  which  the  two  foDowing  will  serve  as  examples  i — 

1.  Btf  jirfei2ntnt{on  as  sulfthide  of  arsenic, — If  the  clear  solu- 
tion contains  arsenic  acid,  it  is  necessary  to  reduce  this  oxide  to 
arsenious  acid  before  the  precipitation  can  be  effected.  This  re- 
duction may  be  accomplished  by  passing  a  slow  stream  of  washed 
sulpbydric  acid  gas  (§  202)  through  the  solution  for  several 
hours,  but  may  be  immediately  effected  by  saturating  the  solu- 
tion with  sulphurous  acid  gas,  tho  aupoilluoua  gas  being  Anally 
expelled  by  gentle  heating.  After  the  reduction  has  been 
effected,  a  slow  stream  of  washed  sulpbydric  acid  gas  precipitate! 
the  yellow  sulphide  of  arsenic  from  the  liquid. 

Ryp.  I3L — AddulftUi  one-half  of  the  liquid  reserved  from  Erp. 
180  with  pure  cblorhydric  arid,  place  it  in  a  small  bt^aker  glius  and 
pa*is  A  slow  fitreum  of  washed  sulpbydric  acid  gjis  tlimu^'^b  the  soIutiotL 
The  deli  very- tube  of  the  gas  should  be  small  and  the  current  slow;  m, 
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» of  unglazed  paper  ahould  be  used  ae  a  ooreri  In  order  to  keep 
Be  beaker  full  of  the  gas.  A  yfeUow  precipitnte  (As^.^S,)  will  nppear, 
iadicating  the  probable  presence  of  arsenic.  When  no  more  pi'ecipi- 
W»  8e«Kna  to  form,  stop  the  current  of  gas,  ana  let  the  beaker  8t»ud  in 
a  warm  place  till  the  odor  of  the  gas  has  nearly  disappeared.  Collect 
tbe  precipitate  on  a  amall  iilter  (see  Appendix^  $  14),  wtkfh  it  tho- 
roughly with  water,  ajad  dry  it. 

Mtp.  132. — ^Mix  intimately  the  dry  precipitate  obtained  in  the  last 
experiment  with  it^  bulk  of  dry  carbonate  of  fiodium  and  its  bulk  of 
dry  cyanide  of  pota^Lmam,  and  introduce  this  mixture  into  a  hard  glass 
tube  ('No.  5),  the  end  of  which  has  been  closed  and  expanded  to  u  Kmall 
bulbw  If  the  precipitate  stick  to  the  filter-paperi  it  mu«t  be  acraped 
ofil  Warm  the  bulb  and  its  contents  over  the  lamp  to  expel  moisturOp 
then  wipe  the  tube  out  with  a  tuft  of  cotton  on  the  end  of  a  wire,  and 
Iffing  the  butb  to  a  red  heat  A  ring  of  metallic  arsenic,  like  that  of 
£xp.  124,  will  be  deposited  in  the  tube.  Preserve  this  metallic  mirror 
for  subsequent  study. 

2,  Btfconvernon  into  arsenturetted  h/drogf^, — When  an  aqueous 
or  acid  solution  containing  arseniouB  or  arsenic  acid  is  added 
to  the  contents  of  a  flask  in  which  hydrogen  is  being  generated, 
the  nascent  hydrogen  reduces  the  oxide  of  arsenic^  and  there  ia 
fbrmed  a  quantity  of  areeniuretted  hydrogen,  which  mijces  with 
the  nncorabined  hydrogen  evolved,  (Cumpare  §  307.)  This 
arseniuretted  hydrogen  is  decomposed,  with  deposition  of  roetallio 
arsenic,  by  being  passed  through  a  red-hot  tube.  The  undecom- 
poeed  gas  bums  with  a  whitish  flame ;  and  if  a  cold  body  be  held 

I  in  the  flame,  a  spot  of  metallic  arsenic  wiO  be  depoeited  upon  it. 
(See  §  308,)     Upon  thcf^e  properties  and  reactions  is  based  the 
process  for  detecting  arsenic  known  as  MarsJis  test, 
Exf.   13,3. — To  a  bottle  prepared  for  generating  hydrogen  from 
pore  tine  and  dilute  sulphuric  acid,  adapt  a  chlonde-of calcium  tube^ 
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and  witli  the  outer  end  of  tbis  drying'- tul>e  connect  a  tube  of  hnrd  srla^s 
(No.  4)  which  has  been  twice  drawn* to  a  Wrn*  bore  and  which  tvriiii- 
nates  in  a  fine  open  point  (Fig",  47.)  Support  thi*  lon^  tube  nt 
three  or  foiu*  points,  in  auch  a  manner  tbat  the  softening  of  thu  glttss, 
first  at  th*3  point  a,  and  then  at  the  point  b,  shall  not  distort  the  tul>€u 
By  adding  acid  tbroug-h  the  fimnt^l-tube  of  the  flask,  evolve  hydrogen, 
and  when  the  whole  apparatus  is  full  of  hydrogen,  light  the  gus  at  the 
tip  of  tba  hard  |?lass  tube.  By  means  of  an  efficient  gag-larnp,  beat 
about  2  cm.  of  this  tube  to  dull  redness  at  the  point  o:  ja^t  beyond 
the  hot  part  of  the  tube,  place  a  small  sheet-iron  screen,  as  shiiwn  io  the 
fipn^ire*  to  cut  off  the  heat  from  the  ftrl  joining'  narrow  part  of  the  tube. 
Maintain  the  apparatus  in  this  condition  for  ten  minutes,  the  sltiaa 
tube  red-hot  at  one  point  and  the  hydrog-en  flowing  steadily  through 
the  tube  and  burning  with  a  colorki:i3  flame  at  the  point.  If  no  de- 
posit, or  only  a  acarcely  perceptible  deposit,  appears  in  the  fine  tube 
adjoining  the  heated  portion,  the  zinc  and  sulphuric  acid  are  pure 
enough  for  the  experiment,  but  if  a  black,  shining  dt^posit  appears  in 
tho  fine  tube,  the  materiala  themselves  contain  ar&enic  and  are,  of 
course,  unsuitable  for  u3-e  in  testing  for  this  substance. 

If  the  zinc  and  sulphuric  acid  prove  to  be  ftufficiently  free  horn 
arsenic,  add  to  the  contents  of  the  flask  a  few  drops  of  the  liquid  oh- 
tainrd  by  dialysis  (Hxp.  l^O).  In  a  momwut  a  mirrnr  of  arseuio 
will  be  deposited  in  the  fine  tube  adjoining  a;  when  thi<i  mirror  ha* 
become  large  and  dense,  move  the  lamp  to  6,  transfer  the  screen,  and 
obtain  a  similar  mirror  in  the  second  attenuated  portion  of  the  tnV»e ; 
iinally,  extinguish  the  lamp  and  allow  tlie  arseniure tted  hydrogen  to 
reach  the  burning  jet  of  gas  at  the  extreme  point  of  the  apparatus  j 
the  white  coloration  of  the  (lame  will  now,  for  the  first  time,  be  *ee.n ; 
inti'oduce  into  the  jet  a  bit  of  cold  porcekiin»  and  obtain  the  chanioteT' 
btic  black  and  lustrous  spot  of  metallic  arsenic ;  this  experiment  may 
he  r«'peated  indefinitely  and  a  large  number  of  spots  obtained  for  suh- 
B<*quent  uae.  Preserve  the  two  mirrors  and  a  numhiT  of  ar^^Mnic  spot* 
for  future  study.  In  order  to  prevent  tJie  po'^sibility  of  any  ar^jt^niu- 
retted  hydrogen  escaping  into  the  air  of  the  room,  the  jet  of  ga**  must 
be  kept  constantly  burning,  and  when  the  experiments  are  ended 
flask  mu8t  he  washed  out  promptly  and  thoroughly, 

332,  This  method  is  very  well  adapted  for  the  speedy  a 
certain  detection  of  ar&enic  in  green  paints,  such  a$  are  appHcMl 
to  wall-papers,  artificial  flowers,  lamp-shades,  and  the  like ;  for  in 
BUth  cases,  if  any  arsenic  is  present^  there  is  so  much  as  to  make 
any  traces  of  arsenic  which  may  contaminate  the  linc  and  &iil- 
phuric  add  o^  no  conaet^uence  whatever.     It  is  only  neoeaaary^  in 
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i  examinations^  to  s^jrape  o^  aome  of  the  green  coloring^inat- 

r,  dis.^olTe  it  in  dilute  cMorhydrlc  acid,  and  add  the  solution  to 

he  hydrogen  flask  of  the  apparatus  described  aboye.     Ai'senic 

^reen^  instiintly  give  enormous  mirrors  and  spots  under  these 

tooaditiona. 

^.,333.  In  medico-legal  investigations,  n|K>n  whose  results  life 

depends,  it  must  always  be  remembered  Uiat  arsenic  is 

fey  widelj  diifuaed  in  the  mineral  kingdom,  and  that  it  is  a 

atter  of  great  difficulty  to  procure   reagents  absolutely  fnm 

it.     The  substances  employed  as  reagents  in  Marsh's  test 

f often  contaminated  with  it;  and  the  acids  used  in  destroying 

Dipmic  rnfitter  may  well  contain  arsenic  enough  to  become  visible 

fter  tlie  irreat  concentration  of  this  impurity  which  inevitably 

occnrs  in  the  evaporation  of  the  liquid  which  results  from  the 

boraing  of  the  organie  matter.     The  use  of  zinc  is  avoided,  and 

other  ndviintiiges  gained,  by  obtaining  the  necessary  hydrogen 

by  tiie  ek'ctrulyftis  of  acidulated  water.  {§  35*)     When  a  boIu- 

ion  of  ai^enious  acid,  acidulated  with  chlorhydric  or  sulphuric 

dd,  is  decompoged  by  the  electric  curreut,  the  greater  port  of 

be  arsenic  eliminated  at  the  negative  pole  is  given  off  in  the 

brm  of  Bi-Bcniuretted  hydrogen,  which   may  be  examined  pre- 

ely  OS  if  it  were  gencratcrl  iu  Marsh's  appnratris.    This  method 

delicate,  and  seems  to  possetis  considrTable   advantagea 

March's  process,  but  it  has  not  yet  (1807)  been  actually 

[ied  in  judieitd  investigations. 

334.  To  di-scribe  tbe  n)ttbods  by  which  the  analytical  chemiM 

purities  hii*  rcjgriiLH  and  provc^s  their  purit}%  would  involve  de- 

cending  into  technical  details  which  are  nnsni table  for  t}m 

Imanuul.     2inc  and  acids,  pure  enough  for  illustrative  experi- 

■fcaents,  can  be  k>nght  of  the  dualers  in  pure  chemicals.     None 

Ibnt  e3C[M*rt  analysts  should  ever  be  intrusted  with  the  chemical 

ave^tigation  in  a  supixjsed  case  of  poisoning  by  arsenic,      A 

difficulty  attending  such  examinations  remains  to  l>e  discussed 

fuiidtT  the  metal   antimony,  a   substance  which   combines  with 

bydrot^cn,  as  arsenic  does,  to  form  a  g/is  wbinh  is  decomposed  by 

brat,  an  arReniu retted  hydrogen  is,  with  depobition  of  a  metalUe 

irror  which  cannot  be  distiirguished  by  mere  inspection  iVom 

bat  of  anieuie.     Since  preparations  of  antimony  are  much  em- 
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ployed  as  medidncs,  and  particularly  since  iartar-emetiei  ft  edt 
containing  antimony^  is  often  adniinit*tered  in  cases  of  poisoning, 
it  is  cs.sentiai  to  find  means  of  distinguibliing  between  compounds 
of  arsenic  and  the  analogous  compounds  of  antimony. 

335.  Chloride  of  Arsenic- — Only  one  chloride  of  araenio  ii 
know-n,  the  terchloride  (AsCl^).  corresponding  to  the  terchloride 
of  phosphorus.  No  quinqui chloride  corresponding  to  the  quio- 
quichloride  of  phosphorus  is  known.  The  chloride  of  arsenic  is 
formed  hy  passing  dry  chlorine  gas  over  finely  divided  metallic 
ai*senic  placed  in  a  retort.  The  combination  is  usually  attended 
with  combustion ;  and  the  heat  developed  is  sufficient  to  dii^til  the 
chloritlo  over  into  the  receiver.  It  muy  also  be  made  by  dis- 
tiUing  a  mixture  of  metallic  arsenic  and  the  mercury  comi>ound 
called  corrosive  sublimate,  in  accordance  with  the  following  equa- 
tion, in  which  Hg  stands  for  mercury  {Hydrarg}*rum):^ — 

OHgCl,    4-     2A8    =    3Hg^Cl,     +     2AsCV 
Corrmive  StifdijFMU.  CahmeL 

Terchlorido  of  arst-nic  may  also  be  procured  by  distilling  arsenioui 
acid  with  common  salt  and  sulphuric  acid.  Small  lumps  of  fused 
salt  should  be  added  from  time  to  time  to  a  mixturo  of  arsenioQi 
acid  with  a  large  excess  of  sulphuric  acid ; — 

Asp,  +  GNaCl  +  0H,SO,  ^  3H,0  +  2A6CI,  +  6NaHS0^. 

336,  Tcreliloride  of  araenic  is  a  dense,  colorless^  oily  liquid, 
whose  specific  gravity  is  2-205.  It  boils  at  132^,  producing  a 
vapor  whose  density  is  90'91.  It  evaporates  freely  at  the  ordi- 
nary temperature,  producing  fumes  of  areenious  acid.  It  is 
highly  poisonous.  The  chloride  is  decomposed  by  an  exceas  of 
water  into  chlorhydric  acid  and  arsenious  acid,  just  as  the  chlo- 
ride of  phoKphnrus  is  resolved  by  water  into  chlorhydric  and 
phosphorous  acids;  this  reaction  is  the  basis  of  the  best  deter* 
mipation  of  the  atomic  weight  of  arsenic. 

2A8C1,  +  3Hp  ^  6HC1  +  As^O,. 
All  the  chlorine  in  a  known  weight  of  chloride  of  arsenic  is  con* 
verted  by  Ibis  reaction  into  chlorhydric  acid  ;  the  weight  of  the 
chloiine  contained  in  this  .chlorhydric  acid  can  be  accurately  de- 
termined, and  the  weight  of  the  arsenic  w^ith  which  this  quantity 
of  chlorine  was  originally  oomhined  is  obtained  by  simple  sub- 
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ketioD.  Tbe  proportions  by  weight  in  which  arsenic  and  chUi- 
fizke  comhine  ore  thus  determined.  In  tcrchloride  of  aT«enic» 
as  in  terchloride  of  phosphorus,  three  volumes  of  chlorine  unite 
with  only  half  a  volume  of  arsenic  vapor  to  produce  two  vo- 
lumes of  the  terchloride  vapor.  Indeed  all  the  volatile  compounds 
of  arsenic  illustrate  the  fact,  already  mentioned  (§§  305,  309), 
that  the  unit- volume  weight,  or  specific  gravity,  of  ari*enic  vapor 
IB  the  douUe  of  it»  atomic  weight. 

337.  BromhU  and  Iodide  of  Arsenic,  It  is  enough  to  say  of 
these  two  compounds  that  they  are  crystalHzable  solids,  obtain- 
able by  the  direct  action  of  the  elements  upon  each  other,  and 
aaswering  to  tJie  formulae  AsBr,  and  Asl^^  respectively. 

338.  Sulphides  of  Arsenic. — There  are  three  well-defined 
sulphides  of  araenic,  correi^ponding  to  the  formuhe  ^fi^,  As^S,, 
and  Asfi^.  The  first  two  occur  as  natural  mineralS|  rmLjar  and 
fyrpiment^  and  may  also  be  obtained  in  the  free  state  by  artificial 
processes  ;  the  third  is  known  only  in  eomljination, 

339.  Bisulphide  of  Arsenic  (ASj^HJ.^ — The  native  mineral  re- 
algar ho^  this  composition.  The  compound  is  obtained  artifi- 
cially by  melting  arsenic  with  sidphur,  or  arsenic  with  orpiment 
(see  the  next  section),  or  sulphur  with  arsenioiis  acid,  in  such 
propartions  in  either  case  as  will  bring  together  those  parts  by 
weight  of  the  two  elements  which  the  above  formula  requires. 
The  oommerciid  product  is  a  browniiih-red  opaque  substance  of 
Tariablo  composition,  generally  containing  free  arsenious  acid. 
Realgar  is  one  of  the  ingredients  of  white  Indian  fire,  a  mixture 
of  24  parts  of  nitre,  7  of  sulphur,  and  2  of  realgar,  sometime? 
used  aa  a  signal  light. 

340.  Tersulphide  of  Arienie  (As^S,),^ — This  sulphide  occurs  na^ 
tiv©  in  translucent  rhombic  prisms  of  a  yellow  color.  It  is 
obtained  artificially  by  pacing  sulphydi-ic  acid  gas  throup:h  a 
Aolution  of  ai'senious  acid,  or  an  arscnite  acidulated  with  clilor- 
hydric  acid  I  the  sulphide  falls  as  a  bright  yellow  amorphous 
powder,  insoluble  in  water  and  dilute  acids.  It  melts  easily,  atid 
bums  in  the  air  with  a  pale  blue  fiame ;  in  dosed  vessels  it  may 
be  sublimed  without  change. 

riudcr  the  name  of  orpiment,  this  sulphide  h  used  as  an  orango 
pigment  j  a  nmtture  of  the  sulphide  with  arsenious  acid,  called 
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king*s  yellow,  was  formerly  employed  as  a  yellow  pigmeni 
This  impure  tereiilphide  was  made  by  sublimiiig  7  parU  ^of 
arseniouB  acid  with  1  part  of  sulphur^  a  proportion  of  sulphtir 
not  sufficient  to  convert  all  tho  acid  into  tersiilphide.  If  a  pat- 
tern be  printed  upon  cotton  cloth  with  a  prepiiration  containing 
arsenious  acid,  and  the  cloth  be  then  parsed  through  water  con- 
taining snlphydric  acid,  orpiment  will  be  deposited  in  the  dbre 
of  the  cloth  and  the  pattern  will  be  brought  out  in  orange-yellaw. 
We  have  already  seen  (Exp.  132)  that  the  tersulphide  of  arsenic 
yields  a  mirror  of  metallie  arsenic  when  heated  in  a  elused  tube 
with  a  mixture  of  carbonate  of  sodium  and  cyanide  of  pota^ium.  , 
Tho  sulphide  is  readily  dissolved  by  a  cold  solution  of  potash, 
soila,  or  ammonia,  the  o:tygen  of  the  alkali  converting  part  of 
the  arscnio  in  the  sulphide  into  arsenious  acid,  while  the  alkali- 
meial  eombines  with  the  sulphur  liberated ;  this  alkaline  sulplude 
then  unites  with  the  undecomposed  portion  of  sulphide  of  arsenic 
to  form  a  suljJmr-mh,  whose  compositiuu  is  that  of  an  ardunite 
in  M'hich  the  oxygen  bus  been  replaced  by  sulphur. 

4A8,8„  H-  5K,0  =  3(K,S,Aa,S,)  +  2K,0,Asp.. 
If  an  acid  be  added  to  this  solution,  no  sulphuretted  hydrog«rf' 
eTolved,  as  is  generally  tlie  case  when  an  arid  ia  brought  in  con- 
tact with  an  alkaline  sulphide,  but  tho  sulphur  and  arseoie  ro-* 
combine  and  are  separated  as  tersulphide  of  arsenic. 
3(K,S,Afl,S,)  +  2K,0,As,03  +  lOHCl  -  lOKa  4-  nH,0  +  4A»A, 
341,  Suljiharsmitts. — The  tersulpkidc  of  arsenic  unites  with 
basic  metallic  sulphides  in  three  different  proportions,  formiog 
with  potassium,  for  example,  the  three  salts  3  K^S,Aj|jjS,,  2K,8, 
ASjSj,  and  K^S.As^S^.     One  mode  of  preparing  a  sulpharsenite 
has  been  mentioned  in  the  last  section ;  another  method  is  to  dis- 
solve arsenious  acid  in  an  alkaline  sulphvdrate,  in  which  case 
one -half  of  the  alkali  is  converted  into  arscnite : — 

BuaHstic:  2Aa,0^  +  ^HS  =  K^8.As^S,  +  KfiMp^  +  2H,0- 
Empirical:  As,0,  +  2KR^  =  KAsS,  -f  ICAaO,  -^  H,0. 
The  sulpbarsenites  of  the  other  metals  are  mostly  obtaincid  from 
the  sulpharscnites  of  sodium  and  potassium  by  the  method  of 
double  decouiposition.  The  BulpbarsenitcB  are  either  yellow  fJT 
rod  J  they  are  obscure  bodies,  of  no  practical  importance  at  pro- 
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sent.  Thej  illustrate,  however,  two  poinifl  of  theoretical  in- 
t^reet— namely,  the  existence  of  Hulpbiir-salts  which  becir  to 
tulphidos  the  same  relatiou  which  oxj^gen  saJtii  bear  to  oxides, 
iymd  the  parallelism  of  composition  h*-'tween  these  two  dasaea  of 
salU.  Wo  place  beside  each  other  the  empirical  formulfle  of  the 
sulphur-salts  of  potassium  and  arsenic,  and  the  corroj^^ponding 
oatygen-aalts ; — 

Suljihur-snlts.  Oxifg^n^mltt^ 


KAsS, 


K.AsO, 
KAsO, 


42.  Qmnquifitfphide  of  Arsenic  (Asp^). — A  sulphide  of  arsenio 
corresponding  to  anhydiouii  ansenic  acid  is  not  kn»iwn  in  the  free 
stat4>.  The  quinquisulphide  is  known  only  in  eombiiiation  with 
sulphides  of  the  metals  in  sulphur-salts  called  stilpharseniates. 
When  a  s<3lution  of  sulphide  of  sodium  is  digested  with  some  ter- 
sulphide  of  arsenic  and  sulphur  enough  to  permit  the  formation  of 
the  quinquisulphide,  and  the  solution,  after  long  ^landing,  is  con- 
centmted  by  evaporation  and  then  cooled,  large  colorless  crystals 
of  snlpharBeniate  of  sodium  are  obtained^  which  are  not  changed 
by  exposure  to  the  air.  The  crvbtak  have  the  composition  in- 
dicatt?d  by  the  formula  SKa^SjAs^^S^  -f-  loH^.  The  sulphar- 
seninto,  2Na^8,ASjjSj,  may  be  prepared  by  saturating  the  aqueous 
solution  of  the  corresponding  oxygen-ealt  2Na^0,As.Pj  with  sul- 
pbydric  acid  gas.  The  sulpharseniates  of  the  alkali-metals,  and 
others,  arc  soluble  in  water ;  but  the  greater  number  of  sul- 

karseniates  are  insoluble.  These  insoluble  salts  are  prepared  by 
mixing  a  solution  of  an  alkaline  sulpharaeniate  with  a  solution  of 
tome  sJilt  of  the  metal  whose  sulpharseniate  is  desired.  The  same 
jciralleli^m  is  observable  between  sulphaiseiiiates  and  aisuiiates 

llwtweea  sulpharsenites  and  arsenites* 
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343.  AntiraoTiy  is  found  native,  both  alono  and  alloyed  witib 
other  metals,  especially'  with  arsenic,  nickel,  and  silver.  There 
exist  also  a  considerable  number  of  minerals  which  consist  of, 
or  contain,  large  proportions  of  the  compounds  of  antimony  with 
ox V gen  and  sulph\ir» 

344.  All  the  antimony  of  commerce  is  obtained  from  the 
mineral  tersulphide,  Sb^S^.  The  symbol  for  antimony  is  Sb, 
from  the  Latin  name  of  the  substance,  StMum,  This  sulphide 
is  very  fusible,  melting  readily  in  the  dame  of  a  candle ;  it  may 
therefore  be  separated  from  the  earthy  or  rocky  gangue  in  wbich 
it  occurs  by  simple  fusion  at  a  low  temperature.  The  metal  id 
obtained  from  the  sulphide  by  several  different  processes  i — L  By 
adding  to  the  melted  sulphide  iron  nails,  filings,  or  scrapa ;  the 
iron  and  the  antimony  change  places. 

Sb^S,  -h  3Fo  =  3PeS  +  2Sb. 
2»  By  roasting  the  sulphide  of  antimony,  reduced  to  a  coars^ 
powder,  until  the  greater  part  of  the  sulphur  ha8  been  tvurnt  off 
and  the  antimony  converted  into  the  oipdc  ;  this  residue  is  then 
mixed  into  a  piwte  with  water,  charcoal  powder,  and  carbonate 
of  sodium^  or  &orae  equivalent  reducing  tlux,  and  heated  in  co- 
vered crucibles  to  lull  redness  ;  the  metal  e*ink9  to  the  bottom  of 
the  crucible.  3»  liy  fusing  together  a  mixture  of  sulphide  of 
antimony,  the  scales  which  fall  from  hot  iron  when  it  is  ham-» 
raered  (an  oxide  of  iron),  carbonate  of  sodium,  and  charcoiil ; 
this  process  is  a  sort  of  combination  in  a  single  operation  of  the 
two  preceding  methods.  Since  the  sulphides  and  oxides  of  anti- 
mony and  the  metal  itself  are  somewhat  volntile  at  moderate 
temperatures^  it  has  thus  far  been  found  impossible  to  avoid  a 
considerable  loss  of  metal  during  the  melting,  roasting,  and  t^ 
ducing  of  the  ore.  From  one-fifth  to  one-half  of  the  metal  u 
lost,  according  to  the  skill  and  care  of  the  workmen. 

34o.  The  commonest  impurities  in  commercial  antimony  ore 
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sulphur t  sodium y  arsenic,  lead^  iron,  and  eopper.  These  impuri- 
ties  injure  the  antim ddj  for  many  of  its  applications  in  the  arts; 
and  the  extensive  use  of  autimonial  preparations  in  medicine 
renders  the  removal  of  the  araenio  a  point  of  particular  imi>or- 
tanoe.  The  purification  may  he  effected  hy  fusing  the  powdered 
metal,  iirst,  with  a  mixture  of  sulphide  of  antimony  and  carho^ 
Hate  of  sodium,  and,  secondly,  with  a  mixture  of  carhonate  of 
um  and  nitre*     These  fusions  may  be  several  times  repeated ; 

e  impurities  are  either  oxidised  or  converted  into  milphides, 
and  enter  the  slag.  Lead,  however,  cannot  be  got  rid  of  by 
these  proee^ea ;  this  impurity  is  removed  by  fueling  the  anti- 
mony vrith  oxide  of  antimony ;  the  lead  changes  places  with  the 
antimony  in  the  oxide  of  antimony,  nnd  in  converted  into  litharge. 

34f».  Antimony  is  a  brittle  metal,  having  a  bluish-white  color, 

brilliant  lustre,  and  a  highly  crystalline  structure.  The  cakes 
the  commercial  metal  usually  present  upon  ihcir  upper  sur- 
faces beautiful  stellate  or  tern-like  rajirkings.  like  phosphorus 
and  arsenic,  it  is  dimorj»hous,  crystalliy^ing  both  in  rhombohcdrona 
and  octahedrons.  The  specific  gravity  of  the  metal  is  from  6-60 
to  6'S5 ;  its  atomic  weight  is  122.  For  a  metal,  it  is  a  poor  oon- 
ductor  of  heat  and  electricity.  At  450^  it  melts,  gives  off  vapors 
at  a  low  red  heat,  and  takes  fire  at  full  redness,  burning  brilliantly, 

th  evolution  of  white  fumes  of  the  teroxide  (Sb^O^).     If  the 

dmony  is  contaminated  with  arsenic,  as  is  often  the  ease,  a 
garlic  odor,  due  to  the  presence  of  this  impurity,  may  be  im- 
parted to  the  vapors. 

£jrp.  134. — Molt  about  0-5  grm.  of  antimony  by  heating  it  on  a 
piece  of  charcoal  before  the  blow.'pip©,  (Seo  Chapter  XX.)  Throw 
the  white,  glowing  globule  into  the  middle  of  a  large  tray  mude  of 
cnarso  paper;  the  globule  biu^te  into  a  multitude  of  small  btiads,  which 
fly  over  the  paper,  leaving  in  their  trail  a  white^  powdery  oxide, 

£xp,  1S5^ — Melt  a  second  small  Irtigment  of  antimony  upon  char- 
coal aa  before,  but,  instead  of  throwing  it  fram  the  coal,  allow  it  to  cool 
there  slowly.  The  globule  will,  in  this  case,  become  covei^ed  with  an 
elTlon'fiCfjnee  of  crystals  of  the  oxide. 

Th*-^  metal  is  not  oxidized  by  exposure  to  dry  or  moist  air  at 
ordinary  temperatures,  iiitric  acid  oxidizes  it  easily*  but  does 
not  dissolve  it ;  the  insoluble  quint juioxide,  or  some  mixed 
oside,  u  formed,  according  to  the  strength  of  the  acid  employed. 


Powdered  antimony  takes  fire  when  thrown  into  cklonne  ptAt» 
and  comhinea  veiy  eTiergetically  with  bromine  and  iodmo. 
When  fiiiely  powdered,  it  is  dissolved  by  boiling  ehlorbydric  ticid, 
with  evolution  of  hydrogen  ;  if  a  little  nitric  acid  be  added  to  the 
ehlorbydric,  the  metal  dissolves  easily,  to  form  a  solution  of 
terchloride  of  antimony  (SbCl  J.  The  ntotiil»  when  in  fine  pow- 
der, is  also  dissolved  readily  by  solutions  of  the  hi{i:her  8ali>liides 
of  sodium  and  potassium,  with  formation  of  snlphantimonites  and 
Bulphan  timoniu  tcs. 

347,  In  spite  of  the  strong  tendency  of  this  metal  to  crystal- 
lize, it  can  be  obtained  in  an  amoq^boiis  form  by  the  electrcdytds 
of  concentrated  antimoiiiol  solutions.  This  amorphous  antimony 
always  c^jntains,  however,  5  or  6  per  cent,  of  terchloride  of  an- 
timony and  a  ti^aco  of  ehlorhydnc  acid;  whether  these  foreign 
aubstances  are  retained  mechanically,  or  not,  within  the  mass,  is 
not  clear.  Tlie  amorphous  metal  has  a  dark  steel-color,  a  smooth 
surface,  a  comparatively  8oft  texture,  a  lustrous  amoq>hou«  frtic- 
ture  and  a  specific  gravity  varvius^  from  5*74  to  5'83.  When 
gently  heated  ot  sharply  struck,  the  amorphous  antimony  sud- 
denly manifests  a  great  heat,  the  temperature  rising  from  lo°  to 
230*^  and  upwards^  and  fumes  of  terchloride  of  antimony  are 
evolved,  After  undergoing  this  pecuhar  change,  the  metrtl  ap- 
proximatea  to  the  crystalline  variety  in  sti-ucture,  density,  and 
oolor, 

348.  Antimony  enters  into  the  composition  of  several  very 
valuable  alloys,  Tifpe-metal  is  an  alloy  of  lead  and  antimony, 
containing  about  20  per  cent,  of  antimony.  For  stereot>^ 
plates  J-  to  ^^  of  tin  is  usually  added  to  this  alloy.  The  com- 
mon white  metallic  allovs  used  for  clieap  teapois,  spoons^  forks, 
and  like  utensils,  are  vanously  compounded  of  brass,  tin,  lead, 
bismuth,  and  antimony;  for  example,  a  superior  kind  of  pewter 
is  mmle  of  12  parts  tin,  1  part  antimony,  and  a  small  pp^portion 
of  coj)per;  Britannut  ritetal  U  sometimes  compounded  of  equal 
parts  of  bra^^s,  antimony,  tin,  bismuth,  and  lead.  The  value  of 
antimony  in  these  alloys  depends  upon  the  hardness  which  it 
cammunicatcs  to  the  compounds,  without  rendering  them  ineon- 
venienlly  brittJe. 

With  zinc,  antimony  forms  two  alloys  having  a  definite  eryB^_ 
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tall  me  diaracter.  The  alloy  contaiBing  43  p«r  cciit»  of  «ijic 
crv»talliz(«  in  silver- white  ncedJe-like  piisins ;  it  answers  to  the 
formtUa  Sb^Zn^.  The  alloy  coatriinmg  33  per  cent,  of  zinc 
erystallises  in  broad  plates  presenting  no  similarity  to  the  form 
the  other  alloy ;  it  answers  to  the  formula  ShZn.       These 

lays,  especially  Sb^^Zn^,  decompose  boiling  water  with  evoln- 
^  of  hydrogen.  The  crj^stals  of  these  two  alloys  are  obtained 
%3r  the  method  of  fusion  (§  194).  In  each  of  theiie  crystaUized 
alloys,  the  crystalline  form  may  be  preserved,  although  the  pro- 

DrtioQs  of  the  ingredients  may  vary  considerably  from  the  exact 
ic  proportions  indicated  by  their  formulsD.  Thus  needles  may 
bo  obtained  in  which  the  actual  proportion  of  antimony  present 
rarics  from  35*77  per  cent,  to  57*24  per  cent.,  the  exact  atomic 
proportion  being  55*7  per  cent. ;  and  the  percentage  of  antimony 
in  the  plates  may  fall  as  low  as  64'57,  or  may  rise  as  high  at 
79'42,  although  65-07  per  cent,  b  the  true  atomic  proportion, 
Thf*se  interesting  crystalline  alloys  strikingly  illustrate,  therefore, 
a  print'iple  of  wide  applicability,  namely,  that  a  defiuite  crystal- 
line form  is  not  necessarily  a  guaranty  of  an  unvarying  chemical 
composition. 

*M9,  Antlnutny  ami  Hydrogen. — The  composition  of  the  ga- 
seous compound  of  these  two  element**  is  not  certainly  known, 
inns  much  as  it  has  never  yet  be4?n  prepared  free  from  admixed 
hydrogen.  When  a  solution  of  any  salt  of  antimony  is  poui-ed 
into  a  mixture  of  zinc  and  dilute  acid  which  is  disengaging  hy- 
drogen, the  antimony  compound  is  decomposed;  one  portion  of 
tlie  antimony*  and  sometimes  even  the  whole  of  it,  is  deposited 
upon  the  zinc,  while  another  portion  usually  combines  with  the 
hydrogen,  and  assumes  tlie  gaseotL^s  state.  When  this  compound 
gas  is  paiised  through  a  solution  of  nitrate  of  silver,  a  precipitata 
ii  produced  which  hns  been  found  to  coni*ii*t  of  antimonide  of 
•ilTer,  SbAgj.     8inee  silver  is  a  metal  which  replaces  hydrogen, 

om  for  atom,  it  is  a  natural  inference  that  the  gaa  which  has 

)duced  this  precipitate  must  have  the  composition  represented 

by  the  formula  SbH^.      This  supi.K)sition  derives  strength  from 

the  analogous  formulie  of  the  well-known  gases  ammonia,  NH^, 

pbosphuretted  hydrogen,  PH,,  and  arseniurettedhyrogeu,  As^ 

AzLtimoniorettod  hydrogen  ifl  a  colorless  gas,  inodorous  whea 
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free  from  araeniu retted  hydrogen,  and  insoluble  in  water  and 
alkjiline  lif^uids.  The  gas  is  decomposed  at  a  red  heat  into  anti- 
mony aud  hydrogen ;  it  burns  in  the  air  with  a  whitish  dame, 
and  (^ves  off  a  white  smoke  of  teroxide  of  antimony ;  when  a 
bit  of  cold  porcelain  is  held  against  a  burning  jet  of  the  gas,  a 
Booty  spot  of  metallic  antimony  h  deposited  on  the  porcelain. 
These  reactions  resemble  those  of  arseniuiotted  hydrogen  (§  308). 
Exp.  136. — Diasolvt*  0't5  grm.  of  tartar-emetic  (tartjrate  of  antimony 
and  potassium )  in  abuut  mO  c.  e,  of  water,  Add  a  few  centimetres  of 
the  eolution  thus  obtained  to  the  h(\tth  of  the  apparatus  represented 
in  Figm'e  48,  in  which  hydrogen  is  already  being  generated  from  fine 

Fiff.  48. 


and  dilute  sulphuric  acid.  Antimoniuretted  hydrogen  will  be  produced, 
and  should  be  submitted  to  precisely  the  same  series  of  operations  by 
which  ar!*enmretted  hydrogen  wta  examined.  (Exp.  183.)  By  heat- 
ing the  bard  glass  tube  at  a  aud  b  auccessivelyi  two  mirrora  of  antimony 
will  be  obtained  ;  when  the  gits  reaches  the  jet  without  decomposition, 
the  white  color  of  the  flame  wiU  be  observable  ;  when  a  cold  piece  of 
porcelain  is  pressed  against  the  burning  jet,  spots  of  antimony  will  be 
deposited  thereon,     Presprre  these  mii-rors  aud  spots. 

Ejrp.  1S7. — Compare  together  the  spots  obtained  on  porcelain  from 
aweniiiretted  hydrogtm  (Exp,  133)  and  from  antimoniuretted  hydrogen 
(Exp.  130).  1.  The  arsenical  spot  has  a  metallic  lustre^  and  a  brown 
color,  when  thin  ;  the  stain  of  antimony  has  a  feeble  lu^itre,  and  b 
emoky-black.  2.  The  arsenical  stain  disappears  readily  on  the  appU- 
Uatton  of  a  heat  below  redness ;  thw  stain  €)f  fiiitimony  is  rohitile  only 
at  a  red  heat.  On  account  of  the  comparative  want  of  voliitility  which 
characterizes  the  antimony  dt^posit,  the  mirrors  of  antimony  obtained 
in  the  glass  iiihf  ( P3xp.  13CI)  are  always  depositt^d  ut^nn^r  the  heated 
portion  of  the  tubi*  than  the  arsenic  mirrora  are.  3.  The  arsenical 
etain?  may  be  dj^liu^^uishj^d^  moreovtr,  frvim  the  autimoniai  stains  ny 
means  of  a  solution  of  *^  chloride  of  suda  ^'  (a  mixture  of  hypochloi'ite 
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of  sodium  witli  cMoiide  of  sodium,  pi^pared  hy  mixmg  a  solution  of 
chloride  of  lime  with  carbonjite  of  sodium  in  excess,  and  tiltering^); 
this  eoiution,  which  is  analogous  to,  and  indeed  may  be  replaced  by, 
ilution  of  chloride  of  lime  (5  120),  immediately  dissolvea  arsenical 
S"iJK>t4,  but  Ivaves  aatimoaial  spot*  unaffected  for  a  long"  time.  For  the 
■|»pli cation  of  thi$  tajst  it  is  convenient  to  produce  some  £pots  on  the 
lor  of  a  concaTe  bit  of  porcelain.  4.  On  warming  an  arsenic 
it  with  a  drop  or  two  of  aqua  regia,  and  evaporating  to  dryness,  a 

ight  residue  of  arsenic  acid  is  left,  recognizable  by  it«  ready  solubility 
in  a  drop  of  wat^ir;  if  to  this  drop  of  ar:tenic  acid  solution  a  drop  of 
ammonio-nitrate  of  silver  be  added,  a  brick-red  turbidity,  due  to  the 
formation  of  arseniate  of  silver,  will  ha  produced.  This  ammonio- 
nitrate  of  silver  is  prepared  by  adding  exactly  ammonia  enough  to  a 
K^iution  of  nitrate  of  silver  to  redisaolve  the  pre<npitftte  which  forms  at 
The  antimony  spot  treated  in  the  same  way  yields  no  such  red 
Iplecjpitate.  5.  An  antimony  stain  wiU  dissolve  readily  in  a  few  drops 
of  a  solution  of  sulphydrate  of  ammonium  which  has  become  yellow 
by  keeping ;  when  such  a  solution  is  evaporated  to  dryness,  a  bright 
oranfiTt^  stain  remains.  The  arsenical  stain,  on  the  contrary,  is  not  per- 
ceptibly affected  by  the  yellow  sulphydrate  of  ammoniuLa  soludoni 
unlesa  heat  is  applied. 

Exp.  138. — Connect  the  tube  of  hard  gla^s  in  which  two  arsenic 
mirrors  were  formed,  in  Exp.  Ir^,  with  a  sulphuretted-bydrogen-ge- 
oen&tor  (Appendix,  5  I9)»  interposing  between  the  tube  and  the  gene- 
lator  a  suitable  drying-tube  or  bottle  filled  with  chloride  of  calciima ; 
then  transmit  thrijugh  the  tube  a  very  alow  stream  of  sulphydric  acid 
gas^  and  heat  the  mirrors  with  a  small  gas-flanm,  prot;eeding  from  the 
outer  to  the  inner  border  of  the  mirrors,  in  the  direction  oppjsite  to  that 
of  the  gas  current. 

Repeat  thu  same  proceea  with  the  tube  eoiitaimng  the  antimony 
mirrors  obtained  in  Exp.  136. 

Yellow  tersulphide  of  arsenic  is  formed  in  one  caae,  and  oringe-n&d 
or  black  ten^ulphide  of  antimony  in  the  other.  When  both  metals  are 
present  in  one  mirror,  the  two  sulphides  appear  side  by  side^  the  sul« 
phide  of  arsenic  aJ9  the  more  volatile  l^ing  invariably  beyond  the 
sulphide  of  antimony, 

£jjK  lPi9, — Transmit  through  the  tube  which  contains  the  sulphide 
of  ar^enir  a  stream  of  dry  chlorhydric  acid  f^as  (§  95),  without  apply- 
ing boat;  no  alteration  will  take  place  in  the  ^peltow  sulphide. 

Transmit  the  ^me  gas  through  the  tube  containing  the  sulphide  of 
intimaoy;  the  sulphide  of  antimony  will  immediately  disappear.  If 
tkc  gnaoiM  current  be  then  passed  through  some  water^  the  presence 
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of  antimony  in  the  water  can  be  demonstrated  by  meims  of  sulphi 
acid  ( §  210). 

When  both  siilpliidea  are  preaent  at  once,  the  ehlorhydric  acid  at- 
tacki)  and  removes  the  sulphide  of  antir^ony,  whiln  the  niilphide  of 
arsenic  reniains  behind.  A  drop  or  two  of  amojonia-water,  drawn  into 
the  tube,  will  then  dis^solve  the  sulphide  of  arsenic.  Thi:^  solubility  in 
ammonia  (Hsting-iiiiahes  the  yellow  sidphide  from  sulphur  itdelf,  witli 
which  it  mijrht  otherwise  he  sumetimes  confounded. 

Anthionif  and  0:tij(fen, — Antimony  forms  two  w<?ll*markod 
oxides,  analogous  to  the  oxides  of  arsenic,  the  teroxido  or  anti- 
monions  acid,  Sb^O^,  and  the  quintjuioxide  or  antimonio  acid, 
8b jO, ;  a  compound  of  these  two  oxides  Sb^O,^  Sbj^O,  ==  2Sb^0^ 
is  sometimes  recognized  aa  a  distinct  oxide  under  the  name  of  the 
qundroxide. 

350.  TeroxUle  of  Antlmonii. — ^This  oxide  occurs  as  a  natural 
mineral,  ciillcd  White  Antimony  or  Antimony  Bhom.  Like 
araenious  acidj  it  is  dimorphous,  crystallizing  in  rhombic  prisma 
belonging  to  the  trimetric  system,  and  also  in  regular  octahedi*ons. 
The  artificial,  as  well  as  the  native,  toroxide  is  dimoi-phous. 
Antimonious  oxide  is  produced  when  antimony  is  burnt  in  the 
air,  or  heated  to  fuU  redness  in  imperfectly  covered  crucihlca. 
The  easiest  mode  of  getting  it  is  to  heat  the  tersulphide  (Sb^S,) 
with  ttrong  ehlorhydric  acid  as  long  as  siUphydrio  acid  coiitinuea 
to  escape,  and  pour  the  resulting  solution  of  the  terchlorid© 
(SbCi^)  into  a  boiling  solution  of  carbonate  of  sodium : — 

2SbCl,  +  3Na^C0,^  =  Sb^,  +  6NaCl  +  3C0,. 

If  the  solution  of  carbonate  of  sodium  be  cold  or  only  warm 
instead  of  boilinji:,  a  hydrate  of  the  teroxide  is  precipitated ; 
Sbp^3,0  :^  2ShH0^. 

Antimonious  oxide  is  white  or  grajrish- white  at  ordinaiy  tem- 
pera turea,  but  turns  yellow  when  healed.  It  melts  below  a  red 
heat,  and  sublimfs  when  raised  to  a  higher  temperature  in  a 
closed  vesaeh  When  heated  in  the  air  it  is  partly  converted  into 
antimonic  acid.  It  is  readily  reduced  to  the  metallic  state  bjr 
igm^tion  with  hydrogen,  charcoal,  or  potassium.  Teroxide  of 
antimony  dissolves  spanngly  in  water,  but  freely  in  strong  ehlor- 
hydric acid ;  it  also  dissolves  in  a  hot  solution  of  tartaric  acid,  or 
of  acid  tartrate  of  potas&ium  (cream  of  tartar)*    The  aolutioo 
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btained  in  iht  htiisr  ease  oontaini  Ifae  tifftiste  of  i 

ataafiium  (C.H^KSbO,),  wmmanlj  tailed  tart«r-«iBe^    Oi4k 

^  nitiic  acid  does  not  SssfAre  tlie  teroxide ;  but  tamaaf  i 
acid  and  fuming  tmliihoric  acid  both  dissolve  it,  forming  a^ti 
^irhich  ultimateij  deposit  shining  sctle»  of  a  nitrate  in  the  one  cmo 

ad  a  sulphata  in  the  other. 

It  is  obnotis^  from  these  fi^\a,  that  this  oxide  of  antimony  dif- 
fers from  all  the  oxides  which  we  ha^e  heretofore  studied,  in  that 
it  is  eapiible  of  reacting  npon  strong  acids  in  5uch  wiso  qr  to  form 

Its  wherein  the  antimony  plavs  very  much  the  same  part  which 

ad  plays  in  nitrate  of  lead  PhX^O,  (Exp.  42),  or  calcium  in 
CaSO^  (p.  88),     This  truth  is  expressed  in  technical  language 
bWhen  we  say  that  the  teroxide  of  antimony  is  capable  of  acting 

\  a  bate ;  the  oxidea  heretofore  studied  have  either  been  acids, 
like  the  oxygen  acids  of  the  chlorine  and  sulphur  groups,  of 
nitrogen,  phoephonis,  and  arsenic,  or  they  have  been  indifferent 
bodice  not  inclined  to  form  de£nitei  stable  compounds  by  tmion 
i^th  other  substances. 

But  if,  on  the  one  hand,  teroxide  of  antimony  »  thus  some- 

aes  a  basCy  on  the  other  it  also  acts  as  a  feeble  acid.  The  arti- 
teroxide  dissolires  readily  in  solutions  of  catistic  potash  and 
soda,  forming  very  unstable  antimcnites,  which  are  dtH»inpoiied 
boiling,  or  mere  evaporation.  These  antimonitet  are  an&b* 
k  to  the  arsenites ;  but  it  is  to  be  observed  that  aivemoiui  acid 
ia  not  only  a  stronger  acid  than  antimonious^  but  that^  nnliko 
antimonions  oxide,  it  never  plays  the  part  of  a  base. 

351.  Antimoniate  of  Antimonif  or  Quadro,vi(ii  of  Anirmantf 
(Sb^OJ. — This  oxide  occurs  as  a  native  mineral.  It  nay  be 
prei>ared  artificially  by  heating  strongly  the  quinquioxid6(Sb,0,), 
or  by  roasting  the  teroxide  or  the  tersulpbide,  or  by  Irciitiag  po/w» 
dered  antimony  with  an  excess  of  nitric  acid«  JUtluia  prepared, 
it  is  white,  infusible,  and  unalterable  by  heat,  iHf^f  M^flble 
in  water,  more  soluble  in  chlorhydric  acid,  and  eaaOy  reHoirable^ 
by  boiling  with  a  solution  of  cream  of  tartar,  into  aaitskoniotu 
oxide  and  antimonic  acid-  SSb^O^  =  ^hflJSbfi^.  Tba  oxido 
may  therefore  be  regarded  as  a  compound  of  tlie  tvo  oCbsr 
oxides  of  antimony ;  but  it  b  sometinuM  oomidtnd  a  dMfliel 
oxido  on  the  ground  that  it  yields  by  ftuioD  witli  oaiiitk  p4aih. 
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or  carbonate  of  potasamm,  an  amorphous  satiDe  mafiB  ^ 
comjK)Bition  aBswers  to  the  formula  K^O^Sbj^O^*  TKis  salt  it*:*'!^ 
however,  if  Biw^h  it  be,  can  be  regarded  as  a  mixture  of  an  anti- 
moEite  and  an  tmtimoniate : — 

2(K^0,Sb,pj  =  K,0,Sb,0.  +  K,0,SbA' 
352.  Qmnquiojcide  of  Anthnont/  or  Ant{m<^nie  Acid  (Sb^Oj)- — 
This  compound  is  obtained  oa  a  hydrate: — 1*  By  treating  anti- 
mony with  nitric  acid  or  aqua  regia  containing  an  excess  of 
nitric  acid.  2.  By  decomposing  the  quinquichloride  of  antimonTi 
SbCl,  (§  354),  with  water  :— 

2Sba,  +  BEfl  ^  sb.p^  +  lona 

3.  By  precipitating  a  solution  of  antimoniate  of  potasstnm 
(K^O,Sb.^O^  -j-  5Hp)  with  a  strong  acid.  This  antimoniate  of 
potassium  is  obtained  by  fusing  one  part  of  antimony  with  four 
parts  of  niti"©,  digesting  the  fused  mass  with  tepid  water  to  re- 
move nitrate  and  nitrite  of  potassium,  and  boiling  the  residue  for 
ii.n  hour  or  two  with  water ;  the  white  in.soluble  mass  of  anhy- 
drous antimoniate  is  thereby  transformed  into  a  soluble  hydrate* 
and  the  solution,  treated  with  a  strong  acid,  yields  a  precipitate 
of  hydrated  antimonic  acid.  The  hydi-ated  antimoniate  of  po- 
tassium itself  is  a  gummy,  uncrystallixable  salt. 

The  hydrated  oxide,  obtained  by  either  of  these  methods,  givea 
off  its  water  at  a  beat  below  redness,  and  yields  anhydrous  anti- 
monic acid  as  a  yellowiiih,  tasteless  powder,  insoluble  in  water 
and  acids.  At  a  red  heat  it  gives  off  one-fifth  of  its  oxygen*  and 
is  converted  into  the  quudroxide.  A  boiling  solution  of  cauatio 
potash  dissolves  the  oxide. 

The  bydnttcd  oxide  obtained  by  the  fin?t  and  third  of  tho 
above  methods  is  not  identical  with  that  which  re  suits  from  the 
second  process.  The  product  of  the  first  and  third  methods  i« 
called  antimonic  acid ;  the  product  of  the  second  is  cidled  me<- 
antimonic  acid,  a  t4?rm  derived  from  a  Greek  adverb  which  waa 
used  in  composition  to  denote  a  chting€  of  place »  condition*  or 
quality.  Antimonic  acid  forms  normal  salts  of  the  composition 
M./>»S^O^  and  acid  salts  containing  MjO,2Sb^O^,  while  roet- 
antimonic  acid  forms  normal  salts  containing  2M^O,8bjO,  and 
,acid  salts  answering  to    the   formula  2M^O,i'8bU.;    the  acid 
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metontinioniates  are  bomerio  (§  312)  wiib  the  normal  anti- 
moniates. 

The  metantimoniates  of  sodiam,  potassium,  and  ammonium  are 
crystalline ;  the  an ti moniates  of  the  same  hasea  are  gelatinous 
and  unciystaUizable.  The  antimoniates  and  metantimoniatcs 
of  eodium,  potassium,  and  ammonium  are  the  only  ones  which 
are  readily  soluble  in  water ;  all  other  antimoniates  and  met- 
antimoniates  are  insoluble  or  sparingly  soluble.  Normal  and- 
moniates  correspond  with  normal  nitrates  i — 

Mpfihp,  ^  M^Sb^O,  ;=  2MSbO,. 
M,0,N,0.   =  M^N^O,  =.  2MN0,. 
Kormal  metantimomates  are  analogous  to  pyrophosphates  :r— 
2Mp,Sb,0,  =  MS\0,. 
2M,0,PA    =  M^Ffi,. 

AntimoHf/  and  Chlorine. — Antimony  forms  two  chlorides,  a 
terehloridc*  SbCl^»  and  a  quintjuichloride,  SlCl,,  lioth  of  which 
hare  their  analo.i^es  in  the  chlorides  of  phosphorus,  already 
tftudied ;  the  terchloride  is  ako  c^imparable  with  the  chloride 
of  arsenicu  Tho  metal  unites  directly  with  chlorine  on  contact 
(Exp.  54),  and  the  two  chlorides  are  bodies  of  c^tnsiderable  sta- 
bibty, 

3o3.  Terchloride  of  Antimon^f  (SbClJ. — This  chloride  is 
formed  when  chlorine  gas  is  paused  elowly  through  a  tube  con- 
taining antimony  in  large  excess.  It  may  also  be  prepared  by 
distilling  3  parts  of  antimony  with  8  parts  of  corrosive  sublimate 
(chloride  of  mercury),  or  2  parts  of  the  tersulphide  of  antimony 
with  4" 6  parts  of  corrosive  sublimate: — 

28b+3HgCl,=2SbCl,-h3Hg;  8b^S,+  3HgCl,=2Sba,  +  aHg8. 

The  easiest  method  of  preparing  this  chloride  is  to  dissolve  the 
tersulphide  of  antimony  in  strong,  hot  chlorhydric  acid,  or  me- 
tallic antimony  in  the  game  add,  to  which  a  little  nitric  acid  has 
been  added ;  the  resulting  liquid,  in  either  case,  after  evapora- 
tion to  an  oOy  consistency,  should  be  distilled. 

At  the  ordinary  temperature,  terchloride  of  antimony  is  a 
translucent  yellowish  substance  of  fatty  consistency,  whence  its 
popular  name,  butter  of  antimony.  It  melts  at  72°  and  boils  at 
ftbout  200Pj  fmnea  sUghtly  in  the  air*  is  deliqueicent  and  highly 
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corrosive.  When  thrown  into  water,  it  is  decomposed  into  cUor- 
hydric  airid  and  teroxidc  of  antimony  which,  however,  remains 
united  with  a  portion  of  the  chloride,  forming  a  whit«  powder 
which  contains  antimony,  chlorine,  and  oxygen,  but  ia  somewhat 
variahle  in  composition.  Thia  white  precipitate  ijs  redissolved 
by  excess  of  chlorhydric  acid,  and  the  solution  thuis  obta'ned  is 
the  most  convenient  that  can  be  used  for  exhibiting  the  reactions 
of  antimony.  The  addition  of  tartaric  acid  to  this  solution  pre- 
vents its  decomposition  by  water. 

JGr/?*  140. — In  a  flask  of  about  200  c.  c,  capacity,  heat  gently  0*6 
grm,  of  finely  powdered  antimony  with  30  c  c.  of  strong  ehlorhydiic 
acid,  to  which  10  drops  of  nitric  acid  have  been  added.  When  com- 
plete w>h*tion  has  been  effected,  pour  a  little  of  the  chloride  into  water, 
to  demonstrate  the  decomposition  just  referred  to.  Evaporate  the  re«t 
of  the  solution  to  the  consistency  of  a  thick  syrup ;  it  is  the  butter  of 
antimony* 

The  anhydrous  torchloridG  combines  with  the  chlorides  of 
sodium,  potassium,  and  ammonium,  and  certain  other  chlorideoi 
to  produce  cryatalEne  salino  corapounda,  analogous  in  oompod- 
tion  to  those  oxygen  and  sulphur  compounds  to  which  the  term 
mlf  is  commonly  applied. 

354.  Qutnqmclihride  of  Antimony  (SbCl,). — This  compotuid 
is  formed,  wiiti  briUmnt  combustion,  when  finely  powdered  anti- 
mony is  thrown  into  chlorine  gas  (Exp.  64),  It  may  also  be 
prepared  by  passing  dry  chlorine  over  warm  powdered  antimony, 
or  over  the  terchloride, 

.Er/7.  141.— Fill  a  hard-glass  tube^  No,  2,  150  cm.  long  with 
coarsely  powdered  aotimony,  and  fit  one  end  of  the  tube  so  charged 
into  a  tubulature  of  a  two-necked  glass  receiver,  the  other  neck  of 
which  is  connected  with  a  source  of  diy  chlorine.  Support  the  longr 
tube  at  an  angle  of  10^  or  15^  with  th*?  table,  so  that  its  open  end  shaU 
be  some  20  cm,  higher  than  the  end  which  enters  the  receiver. 
Keeping  the  tube  warm  throufj^hont  its  whole  extent,  pass  chlorine 
slowly  and  continuously  into  the  receiver.  Combination  takes  plare 
in  the  tube  and  the  product  fiow.s  bnck  into  the  reeeivfr,  where  it  re- 
mains in  contact  with  cldorine  ;  the  long  layer  of  antimony  prevents 
thti  escnpe  of  any  free  chlorine.  Preeerve  the  product  in  a  glass- 
tLopp&rt*d  bottk*. 

The  quinqui chloride  is  a  colorless,  or  yellowish  liquid,  wliioh 
10  very  volatile  and  emits  snifocating  fumes.     Water  ia  smuU 
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proportion  forms  with-it  white  deliquescent  crystals,  bnt  in  large 
quitntity  water  decomposes  tlie  chloride  into  chlorhydric  and 
ftotimome  acids. 

355.  We  are  familiar  with  nitric  acid  (N^O,)  b6  an  oxidizing 
^gcnt,  as  a  substance  which  readily  yields  some  of  its  oxyg^on  to 
&ther  bodies  with  which  it  is  brought  in  contact ;  in  a  pertectly 

nalog^ouB  sense^  the  quinquichloride  of  antimony  and  its  analogne 

the  quioquichloridc  of  phosphorus,  may  be  said  to  be  chloridizing 

»ent8  of  great  power,  for  they  readily  impart  clilorLne  to  other 

ibstancee.     These  two  chlorides  are  much  used  in  organic  che- 

aistry  for  preparing  chlorine  compounds ;  thus,  for  example,  the 

compound  of  carbon  and  hydrogen  called  ethylene  or  olrfintU  yas^ 

jH^,  is  converted  by  passing  through  boiling  quinquichloride  of 

ratimony  into  an  oily  bichlondo.  C^H^Cl^,  known  Hi?  Dutch  liquid. 

The  quinquichloride  acts  as  a  carrier  of  free  chlorine,  being  itself 

inoed  to  the  terchloride, 

Terhromide  and  Teriodide  of  Antimonp  (BbBr^  and  Sblj,), — ^It 

b  enoairh  to  mention  the  existence  of  these  coinpounds,  formed 

I  by  the  direct  union  of  the  elements. 

Antimont/  and  JStdphur,-^ AntimonY  forms  two  sulphides,  Sb^^Sj 
and  Sb.f^j,  corro.^ponding  to  antimonious  oxido  and  antimouic 
cidf  and  possibly  an  intermediate  sulphide  oorrespondiug  to  the 
iuadf  oxide. 

356.  Tcrmlphkh  of  Antimony  (Sb,jSj). — This  compound  exists 
the  crystalhiie  and  in  the  amoqihous  state.     Crystallized  ter- 

ftu][*hi<le  of  antimony  is  a  natural  mineral  called  tjrcy  antimomj  or 
Xantituony-tjhnee.     It  is  the  source  of  all  the  antimony  and  anti- 
Qony  compounds  of  commerce.     The  mineral  has  a  lead^grey 
tolor  and  a  metallic  lustre ;  it  is  friable  and  veiy  fusible,  mt'lting 
BTcn  in  the  flame  of  a  candle.     At  a  white  heat  it  may  he  distilled 
ichanged  in  closed  vessels,  but  by  roasting  in  the  open  air  it  is 
eonvcrtcd  into  a  fusible  mixture  of  teroxide  and  tersulphide  of 
intimony.     Thia  Qxijmt^hlde,  after  it  has  been  fused,  constitutes 
the  cf»mmcrcial  ffla$s  of  antimony,  which  contains  about  S  parts 
lof  the  teroxide  to  1  part  of  the  tersulphide ;  the  greater  the  pro- 
artion  of  *q1  phi  do,  the  darker  the  tint  of  the  glass* 
The  native  tersulphide  is  seldom  piu*e,  being  genernliy  con- 
taminated with  lead,  copper,  iron,  and  arsenic.     To  obtain  pure 
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crystAllixed  tersdphide  of  antimony,  it  is  best  to  prqiare  it  ftrfi- 
ficiallj  by  fusing  pure  metallic  antimony  with  siilplmr  in  tho 
required  proportions  by  weight.  Tht-  materials  must  be  finely 
powdered  and  intimately  mixed,  and  the  mixture  thrown  by 
small  portions  iuto  a  heated  crucible.  The  reactions  of  crystal- 
lizcd  sulphide  of  antimony  are  the  same  as  those  of  the  amor- 
phous sulphide,  to  be  presently  deRcribed ;  but  they  take  place  less 
quickly t  on  account  of  the  greater  cohesion  of  the  mtn4s. 

Aniurphous  tersulphide  of  antimony  can  be  procured  by  several 
processes,  from  which  we  may  select  the  two  simplest :— 1,  The 
native  g:rey  tersulphide  is  changed  into  the  amorphous  variety 
by  keeping  it  in  the  fased  state  for  a  considerable  time,  and  then 
cooling  it  very  suddenly  by  throwing  the  vessel  in  which  it  has 
been  melted  into  a  large  quantity  of  cold  water.  The  product 
is  an  amorphous  mass,  having  a  eoncboidal  fracture,  and  a  Jeiia 
specific  gravity,  but  a  greater  hardness  than  that  of  the  crystal- 
line variety.  Its  color,  in  thin  pieces,  is  hyacinth -red ;  in  tho  state 
of  powder,  orange-brown,  2.  "When  sulphydric  acid  gas  is  passed 
into  an  acidulated  solution  of  an  antimony-salt  (tltat  of  tartar- 
emetic  for  example),  a  bright  orange-red  precipitate  of  a  hydrated 
tersulphide  of  antimony  is  formed,  which  may  be  rendered  anhy- 
drous at  a  moderate  heat  without  losing  its  red  color. 

Brfu  142. — Dissolve  2  grms.  of  tartar  emetic  in  50  c  c*  of  water 
and  ftdd  to  the  solution  a  few  dr^ips  of  acetic  acid ;  pass  a  slow  currt^nl 
of  sulphuretted  hydrogen,  from  a  self- regulating  generator  (Appendix, 
%  10),  through  this  aolution  for  ten  minutes.  The  precipit^t*  is  lh« 
hydrated  ler.^ulphide  of  antimony.  Collect  this  precipitate  upon  a 
filter  and  wai>h  it, 

E,qi.  143. — Pour  a  dilute  cold  solution  of  caustic  soda  upon  the 
washed  precipitate  of  the  last  experiment  as  it  lies  upon  the  filtefi  and 
collect  the  tiltrate  in  a  test-tube;  if  the  whole  pi-ecipitate  dutjs  not 
shortly  redi.«<*olve»  pour  the  tiltrate  a  ser-oud  time  upon  the  undissolved 
precipitate  in  the  filter,  or  use  an  additioufil  quantity  of  sod/i-lve,  if 
naceasary.  There  is  produced  a  mLvture  o(  jfulphaHtimumta  of  »<Hlinm 
ind  teroxide  of  antimony^  which  is  soluble  in  the  excess  of  8oda-l\e. 

2SbaS,  +  GXaHO  =  8Na,S,Sb,8,  +  Sh,0,  +  311^0, 

Ej^p.  144, — Pour  the  clear  sHialine  solufion,  obtained  m  the  last 
expenuient,  into  two  or  three  times  h^  bulk  of  dilute  chlnrhydrie  acid. 
The  whole  of  the  antimony  will  be  thrown  down  again  as  tersulphidaf 
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without  any  eTolutioa  of  sulphuretted  hydrogen^  because  the  gas 
evolved  from  the  sulphaniimoiute  ifi  exactl^r  absorbed  by  the  dissolTed 
teroxide : — 

3Xa,S,8b*S,  +  enCl  ==  eNaCl  +  Sb,S,  4-  3H^. 
SUjO,  +  3H3S  =  SbjS,    +  3H,0. 

When  hvdrated  amorphous  tersulphid©  of  antimony  is  boiled 
with  a  solution  of  carbonate  of  »odiura^  it  is  dis&oW^d ;  the  filtered 
liquid,  on  cooling,  deposits  a  reddish-brown  substance,  formerly 
much  UiJed  in  me<licine,  and  known  as  kerme^  mineral.  This  sub- 
stance is  not  a  definite  compound,  but  is  a  variable  mixture  of 
ter^iulphide  and  teroxide  of  antimony,  the  latter  being  combined 
with  a  small  portion  of  the  alkali.  Minute  crystals  of  teroxide 
of  antimony  hare  been  recognized  in  this  mixture  by  microscopic 
ex  ami  nation.  A  solution  of  cream  of  tartar  will  dissolve' out  the 
teroxide.  leaving  the  tersulphide.  On  acidulating  the  cold  filtered 
liquid,  after  the  deposition  of  the  kermes,  with  chlorhydric  acid, 
a  particularly  bright  orange  precipitate  of  fiiilphido  of  antimony, 
known  as  the  goklen  sulphide^  is  precipitated.  Artificial  sulphide 
of  antimony  can,  indeed,  be  precipitated  of  almost  any  color  be- 
tween a  light  orange  and  a  blackish  brown.  A  vermilion-red 
Bulphide  has  found  some  applications  as  a  paint,  . 

£r/>.  145. — Place  in  a  porcelain  dish  10  grms.  of  a  solution  of 
chloride  of  antimony  of  about  135  specific  gravity  j  add  to  this  chlo- 
ride a  cold  solution  of  hyposulphite  of  sodium  made  by  dissolving  16 
!i».  of  the  salt  in  30  c.  c.  of  water ;  heat  the  dish  very  silowlvt  and 

it  its  contents  continually  so  long  as  any  precipitate  separates  from 
the  liquid.  The  sulphide  of  nntimony  is  thrown  down  of  a  brilliant 
rod  color.  The  color  of  the  precipitate  is  darker  in  proportion  as  the 
temperature  of  the  mixture  is  hi*rher;  when,  therefons  a  fine  red  ia 
pf<iduced,  the  lamp  may  be  withdrawn,  in  order  to  prevent  the  color 
from  growing  brown.  The  precipitate  is  collected  on  a  filter,  Iraiued 
thorou;^hlr,  and  tliun  washed,  first  with  dilute  acetic  acid  and  subse- 
quently with  water. 

Sulph.ontimonite  solutions,  similar  to  those  prepared  in  the  wat 
iV,  may  be  obtained  by  fusing  tersulphide  of  antimony  with  dry 
in&tic  soda  or  potash,  or  with  the  carbonates  of  sodium  or  f>otas- 
shun,  and  boiling  the  rt^idue  with  water.  During  the  exp08ure 
to  air  ot  hot  sulphantimonite  solutions,  a  process  of  oxidation 
takea  plaoe^  whereby  the  sulphur  set  &ee  from  oae  portion  of 


280 


aTTnratnBiTLFniBE  ov  AKTtMoirr. 


the  salt  coiivert«i  anotlier  portion  into  the  state  of  s^phantiwoiwm 
fio  that  on  acidiilation  some  quinquisulphide  of  autiiiioiiy  is  pre- 
cipitated along  with  the  tersiilphide* 

Like  the  tersulphide  of  arsenic,  tho  tersulphide  of  antimony  is 
a  sulphur-acid  which  unites  with  basic  metallic  sulphides  to  form 
sulphur-salts.  The  artilicial  sulphantimonit4-*3  ot  the  alkalie^n 
have  been  alluded  to  above ;  there  are  many  natural  minerals  of 
analogous  composition ;  among  such  may  be  mentioned  Miar^Tite, 
Ag^S,S\S,,  Bournonite,  2Pb^8,Ca,S,Sb,S„  and  Beithierite,  3Fe8, 

28bA. 

357.  QuinquisKlphide  of  Anthvonp  (8b^S^). — This  eompoandy 
wliieh  is  not  native,  is  made  by  passing  sulphuretted  hydrogen 
through  quinqui chloride  of  antimony  dissolved  in  tartaric  acid* 
It  may  also  be  prepared  by  acidulating  the  solution  of  the  sulph- 
antimoniate  oi  sodium,  SNa^SjSb^S^ : — 

3Na^S,Sb,S.  -f  6HC1  =  6NaCl  +  8b,S,  +  3H^S. 
The  quiTiqiiisuIj>hide  is  an  orange -yellow,  anhydrous,  amorphous 
powder,  and  is  chielly  remarkable  for  the  facility  with  which  it 
unites  with  the  sulphides  of  the  metals  to  form  sulphantimoniutes ; 
on  tluE  account  this  sulphide  is  often  called  mdphanthnomc  acid. 
It  is  readily  sohible  in  the  sulphides,  sulphydrates,  and  hydrated 
oxides  of  sodium,  potassium,  and  ammonium. 

The  sulphantimoniates  have  generally  the  composition  repre- 
sented by  the  general  formula  3M^S,Sb^Sj=2MjSbS^,  anrdogoue 
to  that  of  the  tribasic  phosphates  3M^O,P,0,  =  2M^PO^.  The 
Bulpbantimoniatea  of  sodium,  potaasiumi  and  ammonium  are  very 
soluble  in  water,  and  crystaMize  with  facility ;  those  oi  the  heavy 
metals  are  insoluble.  The  latter  are  precipitated  by  adding  soiu* 
lions  of  metallic  salts  to  a  eolution  of  the  sulphantiraoniate  ot 
sodium,  keeping  the  hitter  in  excess.  The  sodium  salt  may  be 
prepared  as  follows : — 

In  a  wide-mouthed  bottle,  or  other  vessel  which  can  be  clos^ed,  mix 
thoroughly  22  grma.  of  elutriated  tersulphide  of  antimony,  2(»  grm*. 
of  en stftlli/.ed  cjitbonate  oi  fodium,  2  grms,  of  flowers  ot  sulphur,  10 
gmia.  of  quioklime,  slaked  after  weighing,  and  40  c,  c  ol  wtiter.  I^»t 
the  mixture  digi*st  at  the  ordinary  temperature  for  24  hours,  witli 
frequ»:^nt  stirring;  then  filter  the  liquid,  vtu*Ii  the  residue  several  timet 
with  watefi  Oiid  evaporate  the  liltmte  and  the  wasii-watei  in  a  porc«- 
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lain  disb  or  clean  iron  pAn,  until  a  eample  yields  matala  an  cooling.  The 
formation  of  the  sialt  is  accek^rati?d  by  boiling^.  Tho  whole  is  then  left 
to  cool;  the  deposited  crystals  are  washed  two  or  three  times  with 
cold  wat^r  and  dried  under  a  bell-jar  over  a  dish  of  an  absorbent  like 
qnicklimt!  or  oil  of  viu-ioL  The  salt  is  sulphaiitiirioniate  of  sodium 
Na^SbS^-f  OIIjO ;  it  forxus  transparent,  colorless  or  pale  yellow,  regular 
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BiaXUTH — TUE    iriTROGEN     OROtTP. 

358.  The  metal  bismuth  is  found  chiefly  in  the  metallio  state^ 
Irat  also  occurs  in  combination  with  sulphur,  oxygen,  and  tellu- 
rium* It  in  prepared  for  the  arts  almost  exclusively  from  native 
bismuth.  The  process  of  extracting  the  metal  from  the  gnciaa 
and  clay-slate  in  which  it  generally  occurs  is  vcr}*  simple,  the 
nilneral  being  merely  heated  in  closed  iron  tubes,  inclined  in  such 
a  manner  that  the  melted  bismuth  inns  down  into  earthen  pota, 
which  are  heated  suflieiently  to  keep  the  metal  in  a  st^ite  of  fusion. 
It  is  then  ladled  out  and  run  into  moulds.  Tho  imptire  metal, 
hich  often  eoutainB  sulphur,  arsenic,  copper,  nickel^  and  iron^ 
ix  be  puriiied  by  melting  it  two  or  three  times  with  about  ^ 
its  weijiiht  ul  nitre. 

Bismuth  is  a  tolerably  bard,  brittle  metal,  of  a  grayish- white 
color  with  a  reddish  tinge.  When  pure,  it  crystallizea  more 
rvadily  than  any  otljer  metal ;  by  the  method  of  fusion  (§  188) 
it  may  be  obtained  in  most  beautiful  crystals,  made  highly  iri- 
descent by  the  thin  film  of  oxide  which  forma  on  their  surfaces 
while  they  are  stiJl  hot ;  these  crystals  look  like  cubes,  but  arc 
ically  rhombohedrons.  Bismuth,  like  phosphorus,  arsenic,  and 
itimony,  is  dimorphous,  presenting  forms  both  of  tho  mono- 
trie  and  hex  agon  fd  systems.  The  metal  melts  at  264*^  and 
expands  about  ^  in  solidifying;  henee  its  specific  gi^avity  is 
greater  in  the  liquid  than  in  the  solid  state,  When  the  metal  is 
subjected  to  strong  prehsnre,  its  specific  gravity,  normally  9-83, 
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has  been  said  to  become  less.  At  a  hii^h  temperature  bismuth 
may  be  distiEed.  Of  all  metals  it  exhibits  in  the  highest  degrdo 
the  phenomena  of  diamagnetiBm.     Its  atomic  weight  ia  210. 

Exposed  to  dry  or  moist  air  the  metal  docs  not  alter ;  but  when 
exposed  to  the  combined  action  of  air  and  water,  it  is  snper- 
^ficially  oxidized*  When  heated  in  the  air,  it  burns  with  a  bluish 
lame,  forminjj  yellovv  fumes.  Strong  chlorhydric  at  id  acta  on  it 
with  difficulty ;  sulphuric  acid  attacks  it  only  when  hot  and  con- 
centrated ;  nitric  acid  attacks  it  immediately,  and  effects  complete 
solution^  with  formation  of  nitrate  of  bismuth  and  evolution  of 
nitric  oxide. 

359,  Bismuth  promotes  the  fusibility  of  metals  with  which  it 
lis  alloyed  to  an  extraordinary  extent.     The  most  remarkable 

alloy  of  bismuth  ia  that  known  as  **  fusible  metal/'     When  com- 
posed of  1  part  of  lead,  1  part  of  tin,  and  2  parts  of  bismuth,  this 
aUoy  melts  at  ^ri-*  75,     Solid  fusible  metal,  like  liquid  water, 
undergoes  an  anomalous  contraction  by  heat.     It  expauds  regu- 
larly from  0°  to  *do°t  then  contracts  gradually  as  the  temperature 
to  65^,  at  which  point  it  is  l^^s  bulky  than  at  0°,  again 
l-expands  rapidly  to  80^,  and  beyond  that  temperature  continues 
f  expanding  regularly  up  to  its  melting-point.     On  account  of  this 
property  of  expanding  as  it  cools  while  still  in  the  soft  state,  lb© 
alloy  is  much  used  for  taking  impressions  from  dies;  the  tincst 
and  faintest  lines  are  reproduced  with  great  accuracy.     It  is  ob- 
Tious  that  an  alloy  possessing  such  properties  must  be  something 
more  than  a  mere  mixture  of  the  constituent  metals. 
Ko  compound  of  biwniuth  and  hydrogen  is  as  yet  known. 
Buinuth  and  Ouyjen — Bismuth  forms  two  principal  oxidea, 
a  teroxide  (Bi^O^)  and  an  acid  oxide  (Bi.^O^) ;  besides  these,  ther^^ 
\a  an  intermediate  oxide  (Bi^O^)  which  may  bo  represented  oe 
compound  of  the  other  two  BigO^,  Bi,jO^=2Bi.p^. 

360.  Terojride  of  BimtUrth  (Bi^Oj), — This  oxide  is  formed  when 
fCie  metal  is  roasted  in  the  air,  but  is  best  obtained  by  gently 

igniting  the  nitrate  or  subnitrate.     It  is  a  pale-yellow,  insoluble 
powder,  which  melts  at  a  red  heat,  and  is  easily  reduced  to  the; 
^metallic  state  by  beating  it  witJi  charcoal.     A  white  hydrate  of 
this  oxide,  Bi/l^.II/)=:2BiIin^,  may  be  precipitated  from  a  salt 
of  bismuth  by  an  cxce^  of  ammonia,     Teroxide  of  bismuth  com-^ 
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bines  with  acids  to  fonn  the  bismuth  salts ;  in  the  normal  salta 
one  atom  of  bismuth  replaces  three  atoms  of  hydrogen,  thus : — 

Bi,0.  +  S<U,N,0.)  =  3H,0  +  Bi,3(NA). 
Basic  salts  of  bismuth  are  also  known,  in  which  a  larger  propor- 
tion of  bismuth  is  present.  Some  of  the  normal  salts  crystallize 
well  from  acid  solutions,  but  they  cannot  exist  in  solution  unless 
an  excess  of  acid  is  present.  On  diluting  solutions  of  the  nor- 
mal salts  with  water,  insoluble  basic  salts  are  precipitated ;  this 
reaction  recalls  the  behavior  of  antimony  solutions.  The  nitrate 
of  bismuth,  Bi^3(NjO,)'f  DH^O,  is  the  commonest  soluble  salt  of 
bismuth;  it  is  procured  by  dLssolving  the  metal  in  nitric  acid. 
To  the  basic  nitrate,  which  is  precipitated  when  water  is  added 
to  the  solution  of  the  normal  nitrate^  the  formula  531^0^,4X^0, 
+9H^0  has  been  assigned.  Bismuth  salts  are  hea%'y  compounds, 
which  are  colorless  unless  the  acid  be  colored ;  they  are  poisonous 
in  large  doses. 

361.  Quinquioande  of  Bismuth,  or  Bmnuthic  Aokl  (Bi^O,). — 
When  chlorine  gas  is  passed  through  a  ooncentrated  solution  of 
potash  holding  teroxide  of  bismuth  in  suspension,  a  blood-red 
solution  is  obUiined,  from  which  there  soon  separates  a  red  pre- 
cipitate ;  this  substance  is  a  mixture  of  hydrated  bismuthic  acid 
and  teroxide  of  bismuth.  Cold  dilute  nitric  acid  dissolves  the 
oxide,  but  does  not  attack  the  acid.  The  hydrated  acid  gives  up 
its  water  at  a  temperature  of  13U^»  and  the  anhydrous  quinqui- 
oxide  remains  as  a  brown  powder,  which,  in  contact  with  acrids, 
parts  very  readily  with  a  portion  of  its  oxygen  and  falls  back  to 
the  state  of  teroxide.  The  anhydrous  qidnqui oxide  may  be  also 
converted  by  a  gentle  heat  into  the  intermediate  oxide  BijO^, 
Bismuthic  acid  combines  with  caustic  soda  and  pota**h,  but  the 
compuunds  are  decomposed  by  mere  washing.     The  bi^muthates 

I  little  known,  and  are  of  interest  only  in  so  far  as  they  go  to 
bow  the  feeble  acid  character  of  the  quinquioxtde. 

362.  TercMffriifi  of  BhmntJt  (BiCl^). — This  compound  maybe 
obtained  by  heating  bisranth  in  chlorine^  or  by  mixing  the  metal 
in  line  powder  with  twice  its  weight  of  corrosive  sublimate  (chlo- 
ride of  mercury)  and  distilling.  The  same  substance  is  produced 
when  bismuth  is  dissolved  in  aqua  regia,  and  the  excess  of  acid 
evaporated.    It  is  a  very  fusible,  volatile,  deliquescent  body, 
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wbicli  waa  called  bitttrr  of  bismuth,  from  its  resemblance  to  the 
huttfr  of  untimom/f  \on^  before  the  relation-sMp  now  establi8lK*d 
between  bismulh  and  antimony  bad  been  recognized.  The  tercblo- 
ride  IB  decomposed  by  water  into  chlorhydric  acid,  which  dissolve* 
a  portion  of  the  chloride,  and  a  precipitate  containing  bismuth, 
ohloriDO,  and  oxygen,  and  called  oxijcMoride.  of  bismuth, 

aBiCl,  4-  3H,0  =  OHCl  H*  Bi^Cl^O,. 
The  same  oxychloride  is  precipitated  when  a  solution  of  nitrate 
of  bismuth  is  poured  into  a  solution  of  common  salt.  It  is  used 
aa  a  pigment,  and  is  known  as  **  pearl-white/'  It  may  be  distin- 
guished from  the  analogous  oxychloride  of  antimony  by  the  fact 
that  it  ia  insoluble  in  tartaric  acid  and  in  potash,  both  of  which 
dissolve  the  antimony  compound.  TcrcbJoride  of  bismuth  forms 
crystal! izaltlo  double  salts  with  the  chlorides  of  sodium^  pot-OB- 
Bium,  and  ammonium.  These  chloiino  salts  are  analogous  in 
composition  to,  and  isomorphous  with,  the  corresponding  double 
ehlarides  of  antimony. 

303*  Tersulphkh  of  Btsmuth  (BiJ^^). — Bismuth  glance,  a 
Bomewhut  rare  mineral  which  occurs  in  acicular  prisms  isomor- 
phous with  the  native  tersujphide  of  antimony,  is  a  tersulphide 
of  bismuth.  The  same  compound  may  be  formed  artificially  by 
fusing  the  pulverized  metal  with  one-third  its  weight  of  sulphur^ 
Heated  in  close  vessels,  the  sulphide  evolves  sulphur;  beate 
with  access  of  air,  it  forms  teroxide  of  bismuth  and  sulphnroua 
acid.  The  tersulphide  is  also  obtained  as  a  brown -black  preci- 
pitate when  sulphuretted  hydrogen  is  passed  through  a  solution 
of  a  bismuth  salt. 

&p.  MO. — Difiiolve  0"o  grm.  of  finely  powdered  bismuth  in  aqua 
pcgia,  in  a  small  flask ;  the  aqua  regia  should  be  added  by  .^mall  por- 
tion at  a  time,  so  as  t/y  avoid  tm  unnecessary  excels  of  acidi  and  the 
mixture  should  be  gently  heated.  When  complete  solution  haa  b<*«*n 
efferted,  pour  one  or  two  drop#4  of  the  acid  solution  into  a  tumbler  full 
of  water,  and  observe  the  procijiitation  of  white  oxychloride  of  bismuth 
($  302)-  To  the  remainder  of  the  solution  add  water,  drop  by  dr<.>p, 
with  constant  stirring,  until  a  slight  cloudiness  appear^;  odd  a  dix>p  of 
chlorhydric  acid  to  clt-ar  tlie  solution,  and  through  the  *>li^btly  acid 
licLUor,  thus  obtained,  pas*i  a  slow  Htreani  of  sulphuretted  liydrogvn 
until  the  solution  has  become  so  thorouj^dily  chained  with  this  g«a 
that  it  continues  to  smell  of  sulphuretted  hydrogen  evett  after  it  htm 
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removed  from  the  source  of  tlie  gas.  Filter  the  browniali -black 
*ipitate  of  tersulpliide  of  bismuth  and  wash  it  with  water  upon  the 
^iUit;  scrape  off  a  portion  of  the  pre<?ipitnte  from  the  filter^  with  a 
Rmooth  Blip  of  wood,  and  place  it  in  a  test-tube  together  with  a  few 
drop^  of  a  solution  of  caustic  soda ;  it  will  not  dissolve.  Test  another 
portion  of  the  precipitate  in  the  same  waj  with  a  solution  of  Aulpljy- 
diate  of  ammonium ;  it  will  not  dissolve.  The  last  two  reactiona 
establish  distinct  diflerences  between  the  sulphides  of  biamutb  and 
aatiiiionTt  in  addition  to  their  difference  of  color.  Again  tilter^  and 
waab  the  undiiisolved  sulphide  and  heat  a  little  of  it  moderately  on 
platinum  foU  over  the  gas-lamp ;  sulphurous  acid  will  be  given  off, 
and  the  oxide  of  bismuth  remains  [  this  oxide  readily  melta  to  dork* 
yeUow  globules. 

364.  The  Nitvoffcn  Group  of  Elements, — The  five  eIeme^nts' 
nitrogen,  phosphorus,  arseiiiu.  antimony,  and  bismuth,  form  a 
well-marked  natural  group  of  elements.  In  the  first  place,  the 
elements  themselves  exhibit  a  definite  gradation  of  properties ; 
and  secondly,  the  analogy  in  composition  and  properties,  mani- 
fested by  the  Bimilar  compounds  of  the  &ye  elements,  is  most 
Striking  and  complete. 

Nitrogen  is  a  gas,  phosphoniB  a  solid  whose  specific  gravity 
varies  from  1*8  to  2-2,  ai*senic  has  the  specific  gravity  of  5'6, 
antimony  of  6' 7,  while  that  of  bismuth  rises  to  9*8.  The  metallic 
character  is  most  decided  in  bismuth,  is  somewhat  less  marked  in 
antimony,  is  doubtful  in  arsenic,  and  almost  vanishes  in  phos- 
phoros.  All  four  of  these  elements  are  dimorphotis,  presenting 
fonns  both  of  the  monomctric  and  hexagonal  systems.  The  ftcries 
of  corresponding  hydrides,  o^ddes,  chlorides,  and  sulphides  which 
the  elements  of  this  group  form  are  very  perfect ;  they  prove  the 
general  chemical  likeness  of  the  five  ^?lements : — 


Mtfdridet^    Oxidet,        Oxides.        Oxides, 


NH, 

PH, 


8bA 
Bi.0. 


NA 

Sb,0, 

Bi.O. 


K,0. 

^A 
As,0. 

Sb.,0, 


Chlorides. 
NC1,(?) 

POl, 
AsCl, 


SbCl, 
Bi,0,         BiCl, 

PCV 

8bCl. 


Stdjthides, 

PA 

A*A 

6b,S. 
BL8. 


PA 


SbJ 


A 
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The  first  four  members  of  the  groap  form  gaseous  terhTdrides, 
in  which  three  volumes  of  hydrogen  aud  one  atom  of  a  nitrogen* 
group  element  are  comhined  to  form  two  volumes  of  the  com- 
pound gas.  %ye  have  already  spoken  of  the  Bimilarity  of  che- 
mical composition,  and  the  gradation  of  properties  manifested  by 
these  four  hydrides.  Ammonia  is  a  powerful  basei  and  requires 
a  high  temperature  for  its  decomposition  ;  phosphurettcd  hydro- 
gen is  a  very  feeble  base,  whDe  the  ba-sic  character  is  not  per- 
ceptible in  arseniuretted  and  antimoniuretted  hj-drogen.  Each 
of  the  last  three  hydrides  is  decomposed  by  simple  exposure  to 
heat,  phosphurettcd  hydrogen  refjuiring  the  highest  temperature, 
arseniurettt'd  hydrogen  decomposing  at  a  lower,  and  antimoni- 
tiretted  hydrogen  at  a  still  lower  degree  of  heat.  The  affinity  of 
bismuth  for  hydrogen  is  so  feeble  tliat  it  docs  not  appear  to  form 
a  hydride. 

The  teroxides  also  show  a  gradation  of  physien!  and  chemical 
qualities.  Teroxide  of  nitrogen  (nitrous  acid)  is  a  highly  vola- 
tile liquid,  that  of  phosphorus  (phosphorous  acid)  a  very  volatile 
6olid,  that  of  arscniu  a  less  volatile  solid,  that  of  antiraony  a 
eolid  volatile  only  at  a  full  red  heat,  and  that  of  bismuth  a  solid 
which  requires  an  extremely  high  temperature  for  its  volatiliza- 
tion. The  teroxides  of  nitrogen  and  phosphonis  form  with  water 
strongly  acid  liquids;  teroxide  of  arsenic  is  but  a  feeble  acid; 
teroxide  of  antimony  is  sometimes  an  acid  and  sometimes  a  base, 
while  teroxido  of  bismuth  is  a  decided  base.  Arsenious  and 
antimonious  acids  are  isodimorphous.  The  series  of  quinqui* 
oxide?  also  tihows  a  very  marked  gradation  of  chemical  energy^ 
especially  when  the  compounds  w^liich  they  form  with  the  ele^ 
ments  of  water  are  considered.  Nitric  acid  Is  a  powerful  acid 
of  intense  energy;  phosphoric  acid  is  stOI  a  strong  acid,  but 
much  less  incisive  than  nitric  acid ;  arsenic  acid  has  the  oont^sivo 
properties  generally  attributed  to  acids,  but  it  is  chemically  a 
rather  less  vigorous  compound  than  phosphoric  acid.  The  phoe- 
phates  and  arseniatcs  are,  however,  isomorphnus^  and  the  two 
acids  are  very  much  alike.  In  the  quinquioxide  of  antimonv 
the  acid  character  becomes  comparatively  indistinct;  and  in  thi* 
Bo-called  bismuthic  acid  Httlo  remains  but  the  name. 

The  terchluride  of  nitrogen  has  hardly  been  examined,  on 
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account  of  its  extreme  instability*     The  other  four  terchloridea 

r  are  aJl  volndle  substances  of  analogous  comj>osition,  since  three 

vol\inn*s  of  chlorine  and  one  atom  of  the  nitrogen-group  element 

unite  to  form  two  volumes  of  the  compound  vaiior.     The  boiling- 

f  points  of  the  terehlorides  of  phosphorus,  arsenic,  and  antimony 

74**,  U2°,  and  223°  respectividy,  while  that  of  the  terehlo- 

[  ride  of  bismuth  is  considerably  high  ex  still.     AU  four  terchloridea 

\  decomposed  by  an  excess  of  water, 

tie  tersulphides  of  antimony  and  bismuth  are  isomorphous. 
The  elements  of  this  group  tto  not  form  many  combinations 
among  Uiemselves.  They  conxbine  with  hydrogen,  metals  and 
I  compound  radicals  which  replace  hydrogen  atom  for  atom,  and 
with  the  membc^rs  of  the  chlorine  group,  by  preference,  in  the 
proportion  of  1  atom  to  3  j  they  also  combine  with  oxygen  and 
the  members  of  the  sulphur  group,  by  preference,  in  the  propor- 
tions  of  2  atoms  to  3,  or  2  atoms  to  5. 

When  the  qualities  of  the  cor j*espon ding  compounds  which  the 
members  of  the  nitrogen  group  form  with  other  eleinenta  are  duly 
taken  into  account,  it  will  be  apparent  that  the  relative  chemical 
power  of  each  element  of  the  group  may  be  inferred  from  its  po- 
ntion  in  the  aeries  of  elements  : — 

N  =  14,  P  =  31,  As  =  75,  Sb  «  122,  Bi  ^  210. 
The  chemical  energy  of  these  five  elements,  broadly  considered, 
lallowB  the  opposite  order  of  their  atomic  weighta. 


CHAPTEE  XX 


C  A  a  B  0  K, 


865*  Carbon  is  an  extremely  important  and  a  very  abundant 
clement.  AH  organic  substances,  all  things  which  have  life, 
oontain  it.  Large  quantities  of  it  occur  in  the  mineral  kingdom 
as  well,  both  in  the  free  state  and  in  combination  with  oxygen 
and  with  other  elements.  The  various  forms  of  coal,  graphite, 
petroleum,  asphaltum,  and  aU  the  diiferent  varieties  of  limestone, 
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ohfilk,  marble,  coral,  and  sea  shells  contain  it  in  largre  proportioii. 
It  ijB  found  also  in  the  atmosphere  and  in  the  waters  ot  the  globe, 
and  though  existing  therein  in  comparatively  small  proportion,  it 
is  an  ingredient  not  less  essential  than  either  ol  their  other  con- 
fltituents  lor  the  maintenance  of  the  actual  balance  ot  orgaoic 
n&tnre.  AH  vegetable  life  is  directly  dependent  upon  the  pre- 
sence of  the  compound  of  carbon  (carbonic  acid)  which  exists  ia 
the  atmosphere. 

366,  Three  distinct  allotropio  modifications  of  carbon  are  dis- 
tinguished, namely:  —  !.  The  diamond  ;  2.  Plumbago  or  graphite; 
and  3«  Ordinary  charcoal  or  lampblack.  There  are  many  mb~ 
varieties  of  the  modification  lust  named ;  but  their  pecttUarities 
appear  to  depend  chieily  upon  physical  conditions  of  aggregation, 
whereas  each  of  the  three  principal  varieties  of  carbun  above  enu- 
merated is  really  different  from  the  other  two  in  chemical  quality 
or  nature. 

367.  The  element  carbon,  in  each  of  its  modifications,  is  an  in- 
fusible, non-volatile  solid  devoid  of  taste  and  smelL  But  the 
several  modifications  difter  among  themselves  in  color,  hardneas, 
lustre^  specific  gravity,  behavior  towards  chemical  agents,  power 
of  conducting  heat  and  electricity,  and  in  various  other  respect*. 
All  the  varieties  of  carbon,  bowevtr,  %ree  in  this,  that  on  being 
strongly  heated  in  presence  of  oxygen  they  unite  with  it  and 
form  carbonic  acid  (C'O^) ;  but  in  the  •omparative  readiness  with 
which  this  result  is  attained  great  difieronces  are  noticeable  in 
the  different  varieties. 

Lampblack  and  charcoal,  as  is  wcsll  known,  readily  combine 
with  oxygen  at  the  temp*?ratiire  of  an  ordinary  fire  ;  they  bam 
easily  in  the  air.  But  graphite  bums  so  slowly  in  air  that  it  is 
used  for  making  the  cmeiblos  in  which  the  most  refractory  metals 
are  melted.  (See  Appendix,  §  26.)  On  being  heated  to  a  very 
high  temperature,  however,  in  oxygen  gas,  graphite  slowly  under- 
goes combustion ;  and  the  sume  remark  is  tme  of  the  diamond* 
Both  graphite  and  diamond  can  be  consumed  by  nascent  oxygen, 
as  when  boated  in  the  condition  of  fine  powder  with  a  mixture 
of  bichromate  of  potassium  (a  substance  rich  in  oxygen)  and  sul- 
phuric acid.  They  can  be  oxidized  also  by  heating  thorn  with 
nitrate  or  with  chlorate  of  potassJum. 


I 
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868.  Dinmond, — Oftliis  first  variety  of  carbon,  little  need  here 
be  said.  The  physical  properties  which  render  it  so  valuable,  its 
high  refractive  power  as  regards  lig^ht,  and  its  extreme  hardness, 
are  familiur  to  all.  It  the  hardest  known  substance,  being  capable 
of  scratching  all  other  substances  ;  the  name  diamond  is  a  mere 
comiptiun  of  the  word  adamant. 

Of  the  chemistry  of  the  diamond  very  little  is  known.  It  con- 
sists of  pure  or  nearly  pore  carbon,  crystallized  in  octahedrons 
and  other  forms  of  the  first  or  regular  system ;  its  specific  gravity 
is  about  3-55,  and  its  specific  heat  04469.  It  conducts  electri- 
city and  heat  but  slowly  ;  and  yet  it  conducts  heat  so  much 
better  than  glass  that  this  property  is  sometimes  made  use  of 
as  a  test  to  distinguish  false  from  real  diamonds.  Its  refractive 
power  on  light,  as  compared  with  that  of  glass  or  rock-crystal,  is 
as  2'47  to  la. 

Chemists  are  as  yet  unable  to  prepare  this  variety  of  carbon 
artificially ;  the  only  source  of  it  is  the  natural  mineral.     It  was 

lught,  at  one  time,  that  if  there  could  but  be  devised  means  of 
g  carbon,  crystals  of  the  diamond  modification  might  pos- 
ably  separate  out  from  the  molton  lit|uid  as  it  cooled ;  but,  at 
present,  all  the  evidence  goes  to  show  that  at  high  temperatmcs, 
the  second  modification  of  carbon  (namely,  graphite),  and  not 
diamond,  is  produced.  K  a  diamond  be  heated  whit*-hot  between 
the  charcoal  points  of  a  powerful  galvanic  batU^iy,  it  softens,  and 
swells  up,  and,  after  cooliiig,  there  is  found  a  hard  black  brittle 
madS  like  the  coke  obtained  by  heating  bituminous  coal.  So,  too, 
carbon  is  soluble  in  melted  iron,  and  a  portion  of  it  crystallizes 
out  as  the  iron  becomes  cold,  but  the  crystals  thus  obtained  are 
crystals  of  graphite  and  not  of  diamond.  We  can,  therefore,  only 
gQiTXiiae  that  diamonds  crystalline  at  a  low  temperature  from  some 
unknown  solvent  of  carbon,  or,  with  greater  probability,  that 
when  carbon  ia  separated  by  the  decomposition  of  aome  one  of  its 
compounds  it  is  left  in  the  diamond  condition. 

The  diamond  is  not  attacked  by  the  strongest  acids  or  alkalies, 
Dot  even  by  fluorhydric  acid ;  nor  is  it  acted  upon  by  any  of  the 
non-metaUic  elements,  with  the  exception  of  oxygen  at  hijjh 
temperatures.  At  tlie  ordinary  temperature  of  the  air,  diamond 
undergoes  do  appreciable  change  during  the  lapse  of  centuries  ; 
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it  appears  to  be  well  nigh  indestructible,  in  the  ordinary  sense  of 
the  term.  Out  of  contact  with  the  tar,  or  in  an  atmosphere  which 
has  no  chemical  action  upon  it,  it  suffers  no  alteration  at  th© 
highest  fnrnace  heat. 

309.  Gfitphite  or  PiumhaffOf  sometimes  called  '•black-lead,"  la 
familiarly  known  as  the  material  of  common  **  lead  pencils.**  It 
is  found  as  a  mineral  id  nature  in  various  localities*  It  occnrs 
both  in  the  form  of  crystals  (six-sided  tables  belonging  to  the 
hexagonal  system)  and  in  the  amorphous,  massive  state.  In  both 
forms  it  is  always  opaque,  of  a  black  or  lead-gray  color  and  me- 
tallic lustre ;  its  specific  gravity  varies  from  1*8  to  2*1  j  its  specific 
heat  is  0'201, 

It  conducts  electricity  nearly  as  well  as  the  metals,  and  is,  cm 
this  account,  much  used  for  coating  surfaces  of  wood,  wax,  plaster, 
and  other  non-conducting  materials  so  as  to  render  them  capable 
of  conducting  the  galvanic  current  and  so  of  receiving  a  metallio 
film  such  as  is  deposited  from  solutions  of  the  me  tain  when  sub- 
jected to  the  action  of  the  galvanic  current ;  it  is  an  important 
material  in  the  art  of  electro-metallurgy.  The  Instre  and  oon- 
dueting-power  of  graphite  go  far  to  justify  the  term  which  haa 
been  often  applied  to  it,  metnllic  carbon. 

370,  Graphite  is  very  friable ;  when  rubbed  upon  paper  it 
leaves  a  blafk  ^shining  mark,  whence  its  use  for  pencils.  Amor- 
phous graphite  is  much  more  friable  than  the  crystalline  variety ; 
it  makes  a  blacker  mark  upon  paper,  and  is  consequently  pre^ 
ferred  for  the  miiTUifacture  of  pencils  i  it  is,  in  fact,  so  soft  and 
unctuous  to  the  touch  that  it  is  often  used  as  a  lubricant  for  di- 
minishing the  friction  of  machinery.  But  in  spite  of  all  this  the 
partjcles  of  which  the  masses  of  graphite  arc  composed  are  ex- 
tremely hard;  they  rapidly  wear  out  the  saws  employed  to  cut 
these  ma-sses.  By  powerful  pressure  the  dust  of  plnmbago  can  be 
forced  into  the  condition  of  a  coherent  solid  similar  to  the  native 
mincraJ. 

In  the  air,  at  ordinary  temperatures,  graphite  undergoes  no 
change  ;  hence  its  use  for  covering  iron  articles  to  prevent  their 
rusting.  By  virtue  of  its  greasy,  adhesive  quality^  it  is  easy  to 
cover  iron  with  a  thin,  lustrous  layer  or  varnish  of  it ;  the  com* 
iiDoa  atoTe-polishes,  for  ejcample,  are  oompo«ed  of  powdered  gre- 
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pliite.  Even  at  very  high  temperatiiTes  it  is  ecareely  at  oil 
oxidired  by  the  air ;  it  is,  moreover,  altogether  infusible :  h«fnce  it 
is  usefully  applied  in  the  manutactare  of  ft  highly  refrat^tory  kind 
of  cnicible,  known  as  black-lead  crucibles  or  blue  pots,  (See 
Appendix,  §  2<1)  An  analogous  application  of  graphite  is  seen 
in  it«  use  as  **  foundry*  facings/ -a  tenn  applied  to  the  infu»ible 
dust  which  the  iron-founder  sift^  over  Bis  mould  of  sand  before 
pouring  into  it  the  melted  metal ;  if  the  hot  metal  were  allowed  to 
come  directly  into  contact  wit-h  the  sand,  a  quantity  of  the  latter 
would  mc4t  and  remain  adhering  to  the  cold  metal  when  the 
costing  was  taken  from  the  mould.  For  this  purpose  coal-dust 
is  an  inferior  substiJulc  for  graphite* 

371*  Pure  plumbago  ij*  never  mc^t  with  in  nnture ;  when  humed 
in  oxyge^i  the  mineral  leaves  from  two  to  five  per  cent,  of  iwheSp 
composed  mainly  of  oxide  of  iron,  together  with  small  quantities 
of  silica  and  alumina.  The  presence  of  this  impurity  is  so 
ttnvarj  ing  that  graphite  was  formerly  supposed  to  be  not  carbon, 
bat  a  chemical  compound  of  carbon  and  iron,  a  carbide  of  iron  ; 
this  view  has  now  been  disproved,  and  it  is  known  that  the  iron 
in  the  native  graphite  exists  there  merely  as  a  mechanical  ad- 
iBUcture. 

Soft,  fine -grained  plumbago^  suitable  for  the  manufactiire  of 
the  best  pencils,  is  rare;  hut  the  €4>arse,  foliated  crj^stallis^d 
variety  is  abundant,  and  this  may  easily  be  made  &oft  and  unc- 
tuous by  the  action  of  certain  oxidizing  agents, 

hEtjj,  147, — Mix  7  grms,  of  coarsely  powdered  crystallized  graphite 
with  0  5  grm,  of  chlornte  of  potassium  in  fint^  powder;  add  the  niii^ture 
U)  14  grms.  of  strong  sulpburir  ai^'id  eonlained  in  a  porcelain  dish,  and 
heat  the  whole  over  a  wator-bath  as  long  ai  yellow  vapoi-s  of  hypo- 
chloric  acid  are  evolved.  Wash  the  cooled  mass  with  water,  andsub- 
•equtmtly  dry  it  on  the  water-bath. 

Ignite  a  fragment  of  the  dry  product  upon  a  piece  of  platinum  foil, 
and  observe  the  extraordinary  intumescence.  After  the  graphite  has 
eessed  to  ewell  up,  rub  a  little  of  it  upon  a  porcelain  plate  and  note 
the  condition  of  exqui^^itt?  softnt^sa  to  which  it  has  been  reduced,  and 
the  ease  with  which  it  can  be  moulded  by  presiiure  into  any  desired 
farm. 

372,  Eegarded  from  the  chemical  point  of  view,  graphite  re- 
ables  the  other  modifications  of  carbon  inasmuch  as  it  is  con- 
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verted  into  carbonic  acid  on  being  ignited' in  oxygen^  and  in  ttat 
it  undergoes  no  alteration  when  heated  in  close  vessels,  but 
diftei^  materiallj  from  the  other  i^aneties  of  carbon  in  its  be- 
behavior  towards  several  of  the  oxidizing  n gents.  T^Tien  graphit© 
is  repeatedly  exposed  to  the  action  of  a  mixture  of  strong  niliio 
and  sulphuric  acids,  or  to  that  of  a  mixture  of  chlorate  or  bichro- 
mate of  potassium  and  sulphuric  or  nitric  acid,  it  ia  converted 
into  a  peculiar  acid,  called  ffvaphUlc  acid. 

This  graphitic  acid  occurs  in  thin  transparent  crystals,  some-^ 
what  soluble  in  water,  but  insoluble  in  water  containing  acids  or 
Balta ;  on  being  heated,  it  decompose,  with  explosion  and  evolu- 
tion of  light.  By  analysiSj  it  has  been  found  to  contain  carbon, 
hydrogen,  and  oxygen,  in  proportions  corresponding  to  the  com- 
plex formula  Cj,H^Og ;  but  some  chemists,  who  regard  this  body 
as  an  analogue  of  an  acid  ( Si^H^Oj)  obtained  by  acting  upon  ono 
of  the  inodit5ca6ona  of  silicon  with  oxidizing  agents,  have  suj- 
gested  that  the  atomic  weight  of  gniphite  may  be  difTcrent  from 
that  of  ordinary  carbon,  and  that  the  composition  of  {c^aphitic 
acid  could  be  represented  by  the  simpler  formula  Gr^H^O^,  in 
which  the  symbol  Gr  stands  for  graphon — provided  the  atomio 
weight  of  this  graphon  were  assumed  to  be  3'3,  instead  of  12  (the 
atomic  weight  assigned  to  ordinary  carbon). 

The  graphitic  modification  of  carbon  can  readily  be  obtained 
artifidally.  When  charcoal  is  added  to  melted  iron,  the  iron 
takes  up  a  considerable  quantity  of  it,  and  if  the  iron  be  thc«a 
left  to  cool  slowly,  a  portion  of  the  dissolved  'jarbon  will  crys- 
tnJlizo  out  in  the  form  of  graphite ;  the  crystals  can  readily  be 
isolated  by  dissolving  away  their  raetalhu  envelope  by  means  of 
dilute  chlorhydric  or  sulphuric  acid. 

As  has  been  already  remarked,  the  crystals  of  graphite  are 
six-sided  plates  of  the  hexagonal  system,  altogether  unlike  the 
forms  of  the  regular  system  which  are  seen  in  The  diamond.  In 
carbon,  then,  as  in  sulphur,  we  have  a  striking  example  of 
dimorphism.   (See  §  192.) 

373.  OaS'Carboru — An  interesting  sub-variety  of  cjjrbon  some- 
what similar  to  graphite,  and  standing,  as  it  were,  between  it 
and  the  ordinary  modification  of  carbon,  ia  obtained  from  the 
retorta  in  which  common  illuminating  gas  is  manufactured.     It 
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known  as  "  gaa-C4irbon,"  or  **  carbon  of  the  gas-retorts/'  and 
reeulta  from  the  burning  on  of  drops  of  tar  upon  the  interior 
walls  of  the  retort,  and  the  long-continued  heating  of  the  crust 
thus  formed* 

Gtts-curbon  is  very  hard,  compact,  and  dense ;  it  has  the  me- 
tallic lustre,  and  conducts  electricity  like  a  metal ;  its  specific 
gravity  (2*35H)  and  specific  heat  (0^2036)  closely  resemble  those 
of  graphite.  On  account  of  its  high  condue ting-power,  it  is  em- 
ployed in  the  manufacture  of  galvanic  batteries  and  of  pencili 
for  the  electric  lamp;  its  infusibUity  and  power  of  resisting 
chemical  agents  have  led  to  the  emplojTnent,  in  various  scientific 
researches^  of  crucibles  and  tubes  wrought  out  of  it ;  it  has  also 
been  sometimes  employed  as  fuel  in  experiments  where  higher 
decrees  of  heat  are  needed  than  can  be  obtained  from  charcoal 
or  coke.  The  intense  heat  developed  by  the  conibustiou  of  this 
atibstance  is  i-eferable  to  its  high  specific  gravity ;  a  very  con- 
siderable weight  of  carbon  can  horo  be  burned  in  a  small  space* 
Aa  a  fticl,  it  has  the  further  merit  of  'eaving  scarcely  any  a^hee, 

374,  Cohe  and  Anthracite  Coal  tire  impure  sub- varieties  of 
carbon  which,  from  tho  chemical  point  of  view,  may  be  classed 
either  with  graphite  or  charcoal,  or  better  between  the  two. 
They  are  less  like  graphite,  however,  thau  gas-carbon  's.  Cok^ 
ia  the  residue  reiiulting  from  the  destructive  distillation  of  soft  or 
bituminous  c^aL 
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E^Tjf.  148. — Put  into  a  tube  of  bard 
glass,  No.  1, 12  or  15  cm.  in  len^^th, 
euou<jrh  bituminous  coal^  in  coarae 
pnwdoft  to  HU  one-third  of  the  tube. 
Fit  lo  this  igni lion-tube  a  lar^rt'  ^e- 
liveiy-tubo  of  ^Iilss,  No.  4.  and  sup- 
port the  apparatus  upon  the  iron 
Btand»  as  shown  in  the  figure.  Heat 
th«  eoal  in  the  ij^ition-tube,  and 
collect  in  bottles  the  gas  w^hich  will 
be  evolvf'd  Thi$  gas  is  a  mixture  of 
several  enmpounda  of  carbrin  nnd  hy- 
drogen :  tot  the  present,  it  mav  b«  regarded  as  carburettad  hydrogen, 
iiu^  in  tact.  a^iiJta^y  illurniriating  gas. 

It  Li  iurlauiiiirt-blt?,  like  bydro^ruu,  biit  bui*ni*  with  a  far  more  lum!'- 
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noiia  fifline.    Tt  is  very  light  willinl ;  henoe  inanj  of  tbe  expenme 
described  in  the  chflpter  upon  hydrogen  may  be  pel  formed  with  tliisl 

[gas.    (See  Chapter  V.) 

Aa  K)on  a^  gas  ceases  to  be  given  off  fi'om  the  coal|  take  tbe  end  of 
tbe  delivery-tube  out  of  the  water  and  when  tho  ignition*tube  hasj 
beroniH  cold,  break  it  and  examine  the  coke  which  it  contains^    Th© 
coke  u-^ed  for  dorae.'?t:c  ptirpo^es  is  obtained  aa  an  incidental  product  Ul 
the  manufftfturt?  of  illuminating  gas. 

lu  Europe,  where  anthmcite  is  licking,  immense  quantities  of  coke 

jve  prepare!  for  nietallurgif^al  use.*?,  the  gas  resulting  from  Ihe  decom^ 
position  of  the  coal  being  usually  thrown  away. 

87S»  Bituminous  coal  ia  a  substance  of  vegetable  origin,  wliich 
appears  to  have  been  formed  from  plants  by  a  process  of  slow 
decay  going  on  without  access  of  air  and  under  the  intluenee  of 
heat,  moisture,  and  groat  pressure.  Like  vegetable  matter  in 
general,  It  is  composed  of  carbon  and  hydrogen,  together  with 

\  small  proportions  of  oxygen  and  nitrogen,  and  a  certain  quantity 
of  earthy  and  siiline  sabstances,  commonly  spoken  of  as  inor- 
ganic matter.  On  being  heated  in  the  air,  it  bums  away  almost 
completely  after  a  while,  leaving  nothing  but  the  inorganic  com- 
ponent as  ashes.  But  when  heated  out  of  contact  with  the  air 
(that  is  to  sny,  when  subjected  to  destnuitive  distillation,  as  in 
Exp.  148),  the  volatile  hydrogen  is  aU  driven  off  in  combination 
with  some  carbon,  either  as  goa  or  as  a  tarry  liquid,  and  there 
femaiiis,  as  a  residue,  only  carbon  contaminated  with  the  inor- 
ganic matters  originally  present  in  the  coal. 

370.  Both  coke  and  anthracite  are  hard  and  lustrous.  As 
compared  with  charcoal,  they  are  rather  difficult  of  combustion; 
but  in  suitable  fornaces  they  bum  readily,  with  evolution  of  in- 
tense heat.  Both  anthracite  and^.coke,  the  latter  in  spite  of  its 
porosity,  conduct  heat  readily,  as  compared  with  charcosil ;  hence 
one  reason  of  tbe  difficulty  of  kindJin:^  tnera.  In  building  n 
charcoal  fire,  the  heat  evolved  by  tbe  combustion  of  the  kindling 
material  is  almost  all  retaitied  by  the  portions  of  charcoal  imme- 
diately in  contact  with  the  kindling  ugent ;  but  in  the  case  of  coke 
or  anthracite  a  large  proportion  of  this  heat  is  conducted  off  nn^J 
diffused  throughout  tbe  heap  of  fuel,  so  that  no  portion  of 
fad  can  at  once  become  very  hot.  It  f^dlows  that  in  both  light- 
ing and  feeding  fires  of  coke  or  anthracite^  only  small  portions 
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fvf  fbp  f\^et  should  be  added  at  any  one  time,  lest  the  kindliTig 
material,  or  the  existing  fire,  be  unduly  couled.  Since  coke  is 
ttHuallj  conlaminaltKl  with  a  considerable  proportion  of  inorganic 
matter,  its  combustion  is  apt  to  be  hindered  by  the  accumula- 
tion of  ashes  and  consequent  exclusion  of  air,  unless  sjjecial  pre- 
cautions be  taken. 

377.  Charcoal  or  Lampblack  is  commonly  taken  as  the  repre* 
aentatirc  of  the  third  or  amorphous  modification  of  carbon.  Thia 
kind  of  carbon  can  be  obtained  in  a  state  of  tolerable  purity, 
either  hy  heating  in  a  close  vessel  su^ar,  or  starch,  or  some 
other  organic  substance  which  contains  no  inorganic  constitnents, 
or  by  burning  oil  of  turpentine  in  a  quantity  of  air  insufficient 
for  its  complete  combustion.  A  convenient  way  of  obtaining  it 
is  to  place  a  vessel  filled  with  ice-water  directly  in  the  flame  of  a 
lamp  fed  with  oil  of  turpentine,  so  that  the  combustion  of  the  oil 
shall  be  impeded,  and  that  soOt  may  be  deposited  uj)<3n  the  walls 
of  the  vesseL  In  either  event,  however,  the  product  is  liable  to 
be  contaminated  with  traces  of  hydrogen  or  of  oxygen,  or  of  both 
Hiose  elements,  ifhich  cannot  be  expelled  even  by  the  application 
of  long-continued  and  intense  heat. 

For  such  iQustrations  as  are  required  in  this  manual,  chnrcnal 
can  readily  be  prepared  from  wood  in  the  same  way  that  it  is 
made  for  manufacturing  and  domestic  uses,  namely  by  subjecting 
the  wood  to  a  process  of  incomplete  combustion* 

JSrp.  149.^Light  one  end  of  a  splinter  of  dry  wood  and  slowly  push 
the  barning  portion  into  the  mouth  of  a  teat-tube,  as  shown  in  Fig,  50, 
The  port  ion  of  the  splinter  which  remains 
outside  the  tube  and  in  contact  with  free 
sir  will  continue  to  bum  with  flame,  while  ^^ 
that  within  ihe  tube  h  either  extinguished 
altogether  or  barely  glimmers  as  tlie  carbon 
alowly  unites  with  the  gmall  portion  of  air 
which  can  gsin  sccess  to  it, 

£jp,  ICO,—  Repeat  the  foreffoing  experi- 
ment, but,  instead  of  the  tedtt*tube,  provide 
a  cup  of  *nnd  i»nd  slowly  thrust  the  burning  splinter  into  this  sand. 
The  flf>me  will  W  extin;jinshed  as  fast  a**  the  splinter  is  cut  off  from 
the  sir  by  immersion  in  the  sand,  and  a  residue  of  carbon  will  be  thus 
obtained,  as  before. 
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378.  Whenever  waod»  or  any  other  vegetable  or  animal  mat- 
ter, is  not  completely  conBumed,  there  is  left  a  rcBidue  of  <^jbon 
similar  to  that  obtained  in  the  foregoing  experiments.  Incom- 
plete combustion  in  such  cases  ia  really  a  process  of  dcstimctive 
distillation,  or,  rather,  in  any  combustion  of  wood,  or  of  bitumi- 
nous coal,  there  is  always  destructive  distillation  at  first*  ,  When 
the  splinter  of  wood  of  Exp.  149,  is  heated  in  the  lami*,  in  order 
to  set  it  on  fire^  there  wiU  distil  otf  from  it,  in  the  beginning, 
certain  volatide  compounds  of  hydrogen  and  carbon ;  for  wood, 
like  coal  (§  375),  is  composed  of  carbon,  hydrogen,  oxygen,  ni- 
trogea,  and  inorganic  or  earthy  matters^  and  when  exposed  to 
strong  heat  it  gives  off  in  the  gaseous  form  the  volatile  elements 
hydrogen,  oxygen,  and  nitrogen ,  together  with  some  carbon. 
The  products  of  the  destructive  distillation  of  the  splinter  will 
take  fire  and  burn,  and  the  heat  generated  by  their  combustion 
will  be  sufficient,  not  only  to  distil  the  oontiguous  portions  of  the 
wood,  but  also  to  bring  the  residual  carbon  to  the  temperature  &t 
which  it  nnitca  with  oxygen.  This  kindling-temperature  of 
carbon,  it  should  be  remarked,  in  considerably  higher  than  that 
at  which  the  volatile  distillate  composed  of  carbon  and  hydrogen 
takes  tire.  Kow  il*,  as  in  Experiments  149,  150,  the  burning 
sphnter  be  removed  from  the  air  as  soon  as  the  act  of  dtstiUatioii 
has  been  completed,  but  before  the  combustion  of  the  cjirbon  has 
set  in,  the  carbon  will  be  preserved,  as  has  been  seen,  8o,  too. 
when  burning  wood  is  extinguiahed  by  pouring  water  upon  it; 
the  distillatory  process  has  occurred  and  has  been  more  or  less 
thoroughly  completed,  but  the  combustion  of  the  carbon  is  cut 
short ;  for  the  witter  not  only  excludes  air  but  absorbs  so  much 
heat  that  the  temperature  of  the  fuel  is  reduced  below  the  kindling- 
point.    (Compare  Exp.  24,) 

379.  Charcoal  ctxn  be  obtained  also  by  distilling  wood  in  retorts 
in  the  same  way  that  we  have  seen  that  coke  caa  be  procured 
from  bituminous  coal.    (*See  Exp,  148.) 

Erp.  151, — Provide  an  ignition-tube  and  a  deliverr-tubB  BimHsr  to 
those  employed  in  Exp.  148.  Fill  thu  ignition-tube  with  ahavings  or 
small  fragments  of  wood,  arran^^  the  apparatus  a»  in  Fig.  51,  and  light 
the  giis*lamp.  Collect  In  bottles  the  giis  which  i^  given  ofl'  from  the 
wood^  find  test  it  as  to  its  inHammability  by  applying  a  lighted  match. 
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Altar  the  flow  of  gns  has  oeofied^  remove  the  end  of  the  deliv^-tube 
from  tlie  water,  plug  it  so  that  no  air  can  enter  the  ignition-tube>  and 
Iaj  the  apparatus  aside  until  it  has 
Wome  cold.  Finally  remove  the 
cork  from  th^  ig-nition-tube  and  take 
out  the  charcoftl  which  is  contained 
in  it.  Heat  a  portion  of  this  chajp- 
ooal  upon  platinum  foil  and  observe 
niannpr  in  wbioh  it  bums.  It 
illu^trai^  the  fact  that  Bolid  sub- 
Btancm  which  are  incapable  of  evol- 
ving volatile  or  gaseoua  matter  do 
not  burn  with  flume  j  they  merely 
glow* 

Brp,  152.— Pack  an  ig:nitioti-tube  with  bita  of  wood,  na  in  Exp.  151, 
but,  iuflteod  of  the  ordinary  delivery-tube,  insert  in  the  mouth  of  this 
ignition- tube  a  cork  carrying  a  short  piece  of  gla^  tubing  drawn  out 
to  a  fine  open  point.  By  means  of  wire^  tie  the  ignition-tube  to  a  ring 
of  the  iroD  atand,  and  pkce  it  over  the  gaa-lamp*  The  gosea  evolved 
IVom  the  wood  will  escHpe  throujjh  the  narrow  tube,  and  on  being 
kindled  will  bum  with  a  luminous  iiame.  Aa  b&3  been  already  stated 
(J  67)»  flame  is  caused  by  burning  gaa. 

This  experiment,  as  well  as  Exps.  148,  151,  illustrates  the  principle 
of  the  manufai^ture  of  illuminating  ^as.  Upon  the  large  scale,  bitumi- 
DOtis  coal,  or  sometimes  dry  wood,  is  distilled  in  larg^?  iron  or  clay 
ttlbea^  called  gaa-rt'torts,  and  the  gas  evolved  is  freed  from  tar  and 
ofiensive  impurities  by  processes  of  cooling  and  washing  with 
r,  and  by  pita^iing  it  through  kycrs  of  lime  or  oxide  of  iron ;  it  is 
then  coUt:^ctt'd  in  lf»rge  gas-holders,  from  which  it  ia  pressed  through 
subterranean  pip<^a,  it  mny  be  for  miled. 

380.  For  uae  in  the  arta»  charcoal  is  prepared  by  both  the 
methods  above  indicated ;  it  is  manufactured  both  by  charring  or 
partiiilly  burning  wood  with  little  access  of  air,  and  by  methodi- 
enlly  distilling  wood  in  actual  retorts.  The  first  method  is 
employed  in  countries  where  wood  is  abundant,  and  is  carried 
on  in  the  forest  itself.  Logs  of  wood  are  piled  up  into  a  largo 
mound  or  stack  around  a  central  aperture,  which  subsecjuently 
iarras  as  a  temporary  chimney,  antd  also  for  the  introduction  of 
Voming  suljetauces  for  firing  the  heap.  The  finii^hed  heap  is 
ired  with  chips,  leaves,  sods,  and  a  mixture  of  moistened 
and  charcoal  dost,  a  number  of  apertures  being  left  open 
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around  the  bottom  of  the  heap  for  the  admission  of  air  and  the 
escape  of  the  products  of  distillation  and  combustion.  The  heap 
is  kindled  at  the  centre,  and  bums  during  several  weeks.  When 
the  process  is  judged  to  be  complete,  all  the  openings  are  carefollj 
stopped,  in  order  to  suffocate  the  fire,  and  the  heap  is  then  left  to 
itself  until  cold.  Kilns  constructed  of  brick  are  often  used  instead 
of  the  rude  heaps  here  described.  The  charcoal  retains  the  form 
of  the  wood — tbe  shape  of  the  knots  and  the  annual  rings  of  the 
wood  being  still  perceptible  in  it,^ — but  it  occupies  a  much  smaller 
Tolume  than  the  wood ;  generally  its  bulk  does  not  amount  to 
more  than  three-fourths  of  that  of  the  wood,  and  its  weight  never 
exceeds  one- fourth  the  weight  of  the  wood* 

Where  chttrcoal  is  prepared  by  distilling  wood  in  retorts,  the 
liquid  products  of  distillation,  namely  tar  and  acetic  acid  ("  py- 
roligneous  acid*'),  are  saved  and  utilized. 

381,  Lnrnphhick, — ^Usually  when  hydrogen  is  removed  from  ft 
gaseous  compound  of  carbon  and  hydrogen,  the  carbon  separates 
in  the  form  of  soft  flakes»  called  lampbUr^k  or  soot.  In  Ejqieri- 
ment  UO,  we  have  already  seen  that  liimpbbick  is  formed  when 
hydrogen  is  removed  from  carbtirctted  hyiirogcn  by  meaud  of 
chlorine,  and  we  know  well  that  oxygen  is  capable  of  producing 
the  same  result.  Hydrogen  is  more  combustible  in  oxygen  thjm 
carbon;  hence  if  carburetted  hydi*ogeu  be  mixed  with  only  enough 
oxygen  to  consume  itft  hydrogen,  and  the  mixture  be  Xhco  iu flamed, 
the  earbon  contained  iJi  it  wiH  be  set  free.  This  is  the  way  in 
which  biiui>black  is  commonly  formed  ;  a  lamp  •*  smokes  "  when 
the  supply  of  air  is  insufficient  to  furnish  oxygen  to  both  the  car-i* 
hon  and  the  hydrogen  of  the  oil  or  other  combustible. 

Upon  the  large  scale,  lampblack  is  manufactured  by  heAting 
organic  matters,  sneh  as  tar,  rosin,  or  pine  knots,  which  contftin 
volatile  ingredients  very  rich  in  carbon,  until  vapors  arc  disen- 
gaged, and  then  burning  these  vapors  in  a  current  of  air  insuflieienl 
for  their  complete  combustion.  A  dark-red,  very  smoky  flame  is 
thus  obtfiined  ;  a  large  portion  of  the  carbon  of  tbe  oombastible 
does  not  bum,  but  is  deposited  as  a  very  fine  powder  preciselj 
^milar  to  that  which  consititutes  the  black  portion  of  commott 

noke.     Lampblsck  findt^  important  applications  in  the  arts  u  %, 
pigment  and  as  the  chief  ingredient  of  printers*  ink* 
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-Rijfc  153.— Fill  an  (^fdinftiy  apirit-lamp  (Append!x»  |  5)  with  oil  of 
tuiptinune^  light  the  wick  and  pUce  over  it  an  invei'ted  wide-roouthed 
le  of  the  rapanity  of  a  litre  or  more,  one  edge  of  the  mouth  of  the 
le  being  propped  up  on  a  smaD  block  of  wood^  ro  that  some  air 
the  bottle.  Aa  the  supply  of  air  b  insitllicietit  for  the  per- 
ibustion  of  the  oil  of  turpentine,  &  quantity  of  lampblack  will 
•eparate  and  ha  deposited  upon  the  side»  of  the  bottle. 

Hydrogen  kiudles  at  a  lower  temperature  than  carbon  ;  hence 
if  the  flame  of  a  burning  compound  of  carbon  and  hydrogen  bo 
cooled  down  below  the  tomperature  at  which  carbon  takes  fire, 
lampblack  will  be  formed ^  even  if  there  be  present  an  abundant 
supply  of  air. 

JExp.  154 — Press  down  upon  the  flame  of  an  oil-lamp  or  candle  an 
iron  spoom  or  a  porcelain  plate  in  such  manner  that  the  ilame  shall  be 
almost,  but  not  quite,  extinguished.  The  aoJid  body  not  only  obatructa 
the  draug^ht  of  air,  and  thereby  interferes  with  the  act  of  combualion, 
bttl  it  a! 50  cook  the  flame  by  actually  conducting  away  part  of  its 
heat;  the  lempei-ature  is  tbua  reduced  to  below  the  kindling-point 
of  CArbou,  and  a  quantity  of  lampblack  remains  uncona\imed  and  ad- 
the  spoon  or  p]ale»  This  experiment  ib,  of  course,  conipn- 
Exps.  133,  130,  in  which  spots  of  ar?enic  and  antiuvony 
obtained  up^n  porcelain,  as  prt'ducta  of  the  incomplete  combus- 
tion of  their  compounds  with  hydrogen.  As  ha^  been  stated  in  J  377^ 
lampblack  thus  prepared  ttsually  contains  a  certain  small  proportioii 
of  hydrogteo  compounds. 

382,  Charcoal  is  altogether  insoluble  in  water ;  it  is  odorless 
and  tasteless.  Unlike  the  diamond,  it  is  a  good  conductor  of  elec- 
tricity, but  a  bad  conductor  of  heat,  particularly  when  in  the  state 
of  powder.  It  is  a  better  conductor  of  heat  in  proportion  aa  it  is 
r ;  when  strongly  heated  out  of  contact  with  the  air  it  bo- 
tes heavier,  harder,  and  closer  in  texture  than  common  char- 
coal, and  less  easily  combustible^  but  a  far  better  conductor  of 
heat  and  of  elec-trieity  than  before.  The  pieces  of  charcoal,  for 
example,  which  sometimes  fall  unconsumed  from  the  bottoms  of 
smelting  furnaces,  after  having  passed  through  a  long  column  of 
intensely  heated  fuel,  are  found  to  be  peculiarly  compact  and 
elofte-grarned,  and  to  conduct  heat  with  compai*ative  facility^ 

As  has  been  seen  in  §  376,  the  combustibility  of  a  fuel  ii 
diminished  in  proportion  as  the  fuel  is  a  good  conductor  of  heat ; 
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and  since,  as  has  just  been  stated,  charcoal  conducts  heat 
njore  readily  in  proportioti  as  it  is  denser,-  it  follows  thai,  oth! 
things  being  equal,  a  given  sample  of  charcoal  will  take  fire 
more  quickly  if  it  bo  light  than  if  heavy.  It  will  appear^  more- 
over, from  the  foregoing  that  the  combustibility  of  charcoal  should 
he  le^s,  according  as  the  temperature  at  which  the  charcoal  pre- 
pared is  higher.  If,  for  example,  huen  or  cotton  rags  be  carbo- 
nized at  low  temperatures,  there  will  be  obtained  a  very  light 
variety  of  charcoal,  called  tinder,  which  takes  fire  with  especial 
ease.  So,  too,  a  very  light,  and  eaftily  iuflnmraable  charcoal  is 
prepared  for  the  manufacture  of  gunpowder  by  distilling  light 
woods,  such  as  willow  and  alder,  at  low  temperatures.  Wood 
charcoal  takes  ^re  easily,  as  compared  with  coke ;  coke  as  com- 
pared with  anthracite,  and  anthracite  as  compured  with  gas-ctr- 
bon.  But,  inversely,  when  the  charcoal  hna  once  been  thoroughly 
lighted,  the  intensity  of  the  heat  obtained  from  a  fire  of  it  will  be 
greater  in  proportion  as  the  charcoal  is  more  dense.  As  has  been 
already  stated  (§  373),  a  better  fire  can  be  obtained  by  burning 
gas-carbon  than  can  be  had  from  coke  or  charcoal ;  for  in  any 
given  space,  if  the  supply  of  air  be  ample»  more  of  the  dense  than 
of  the  light  fuel  can,  of  course,  be  burned  in  a  given  time.  The 
specific  gravity  of  charcoal  is  about  1*6 ;  but  an  ordinary  fragment 
of  it  re^idily  floats  upon  water,  owing  to  the  air  within  its  pores ; 
if  this  air  he  removed,  as  when  the  fragment  is  powdered,  the 
charcoal  will  sink  at  once.  (See  Exp.  159.).  It  is  infusible  and 
non- volatile, 

383.  In  all  its  varieties,  charcoal  is  a  very  important  chemical 
agent;  chietly  because  of  the  readiness  and  energy  with  which  it 
combines  with  osygen  at  high  temperatures.  Most  of  the  com- 
mon processes  for  extrarting  the  useful  metals  from  their  Ofraara 
based  upon  the  affinity  of  carbon  for  oisygen. 

Mrp.  155.^Mix  five  gmmmes  of  litharge  (oxide  of  lead)  with  a  quar- 
ter of  n  gramme  of  powdered  chnrconl ;  place  a  portion  of  tlie  mixture 
in  an  igDition-tube  made  of  No.  3  glass^  and  heat  it  strongly  in  the 
gas^lamp.  The  clitircoiil  will  unite  with  the  oxygen  of  the  oxide  of 
lead^  and  the  compound  thus  formed  will  escape  in  the  form  of  gi/^ 
while  met^illic  lead  will  remain  in  the  tube. 

This  experiment  is  analogous  to  Exp.  124,  where  arsenions  acid 
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was  reduced  by  means  of  charcoal.  Both  experiments  are  typical 
of  the  manner  in  which  hot  charcoal  act<s  upon  metallic  oxides. 
At  a  white  heat  it  removes  oxygen  from  its  comhinations  with 
tome  elements  which  hold  it  with  great  force,  such  as  the  oxides 
of  sodium  and  potosf^ium  and  phosphoric  acid.  Even  water  is 
decomposed,  with  liberation  of  hydrogen,  when  brought  into  con- 
I  tact  with  red-hot  charcoal. 

Exp.  156.^ — FiU  a  piece  of  iron  gas-pipe,  about  35  c*m,  long  and  1  c*in. 
or  more  in  internal  diameter,  with  firagments  of  charcoal ;  adapt  to  it 
a  delivery-tube,  as  repre^nted  in  Fig*  52,  and  support  it  upon  a  ring 
of  the  iron  stand  over  one  or  two  wire-gau^e  gas-lamps.    Attach  to 

Fig.  52. 


tlie  other  end  of  the  tube  a  thin-bottomed  glass  fla5>k  half  full  of  water 
and  supporred  upon  the  ring  of  a  second  iron  staud.  Light  the  lamps 
beneath  the  tuh«  full  of  chitrcoal^  and  wait  until  it  has  hecome  red-hot, 
then  heat  the  water  in  the  flask  and  caua«  it  to  boil  slowly.  The 
Bt«am  wiU  react  upon  the  hot  carbon  in  a  manner  which  may  be  for- 
mulated as  follows : — 

0  -h  HjO  ==  CO  H-  2H, 

and  there  will  be  formed  a  mixture  of  a  compound  of  oxygen  and  car- 
bon called  carbonic  oxide,  nnd  free  hydrogen.  Collect  the  mixed  gaa 
in  bottles  upou  the  wnter-pan  and  teat  it  as  regards  it^  iuflanimahility 
by  applying  a  lighted  match. 

A  certain  quantity  of  water  may  even  be  decomposed  by  thrusting 
piece*  of  brightly  glowing  charcoal  into  water.  If  the  experiment  be 
performed  beneath  an  inverted  hottle  of  water  held  nenr  the  surface 
of  the  water-pan,  a  quantity  of  gas  large  enough  to  be  inflamed  can 
readily  be  obtalnedi 

At  a  red  heat  charcoal  deoxidizes  bodies  which  are  rich  in  oxy- 
gen to  readily  that  there  occurs  a  pecitUarly  rapid  and  sparkling 
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combustion  known  as  thjtagration.  Deflagration  differs  from  eff 
plosion  only  in  degree  ;  it  is  less  violent  than  exploision,  because 
the  comb\istion  i«  less  rapid. 

Exp,  157.— Mix  10  grms.  of  nitrate  of  potassium  and  ^  grnisk  of  re* 
ct?ntly  if^iit^  charcoal^  both  in  fine  powder;  place  the  mixture  upon 
a  briclc,  in  a  current  of  air,  or  in  auy  place  where  the  volatile  product* 
of  the  rt'flction  can  occasion  no  inconvenience,  and  touch  it  with  A 
lighted  stick  or  red-hot  wire.  The  charcoal  will  burn  violeotly^  with 
btilliaat  scintillations,  at  the  expense  of  the  oxygen  cODtained  in  Ihe 
nitrate  of  potassium, 

Afi  a  moiUticjitioo  of  this  experiment,  heat  a  couple  of  pieces  of  char- 
coal to  rtdnr^ps  in  the  fire  nnd  epritikle  upon  the  one  a  small  quantity 
of  powdered  nitriite  of  potassium,  and  upon  the  other  a  little  powdefed 
chlorate  of  potassium. 

384.  This  deoxidizing  power  of  charcoal,  above  illustrated^  U 
exhibited  only  at  bi^^b  temperatures.  At  the  ordinary  tempera- 
ture of  the  air,  the  chemical  energy  of  charcoal  is  exceedingly 
feeble.  Charcoal  is,  in  fact,  one  of  the  most  durable  of  substances. 
Specimens  of  it  have  been  found  at  Pompeii  and  upon  Egyptian 
mummicsi,  t^o  all  appearance  as  fresh  as  if  jast  prepared;  the 
action  of  the  air  continued  through  centuries  has  exerted  no 
appreciable  influence  upon  it.  Experience  has  proved  that  many 
wooden  articles  which  are  to  be  placed  in  situations  peculiarly 
liable  to  cause  their  decay,  may  be  protected  by  charring  them 
superficially  ;  the  carbonization  of  the  interior  of  casks  destined  to 
bold  liquids,  and  of  those  portions  of  wooden  posts  and  sills  which 
are  to  be  sunk  m  the  ground,  or  to  remain  on  or  near  the  sur^e 
of  the  ground,  are  faniiliar  instances  of  this  custom. 

Not  only  is  charcoal  unacted  upon  by  uir  or  water  at  the  ordi- 
nary temperature,  but  there  are  few  chemical  substances  which 
have  any  action  upon  it  unless  they  be  hot;  neither  the  neutral 
sol  von  Lb,  saeh  as  alcuhol  and  ether,  nor  corrosive  agents,  such  as 
chlorine  or  fluorhydrie  and  chlorhydric  acids*  attack  it  in  any 
way.  It  is  slowly  oxidized,  however,  by  nitric  acid,  and  rapidly 
by  perchloric  acid,  and  it  dissolves,  to  a  slight  extent^  in  oold 
concentrated  sulphuric  acid.  At  the  ordinary  temperature,  no 
one  of  the  element*  combines  with  it  directly  ;  but  at  high  tem- 
peratures it  unites  directly,  not  only  with  oxygen,  as  we  kiaow« 
but  with  sulphur  as  well,  forming  bisulphide  of  carbon  (€8 J, 
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At  very  high  temperatures,  bb  when  &  powerful  palvanic  battery 
\fi  discharged  from  carbon  pointn  immtTsed  in  an  atmosphere  of 
hydrogen,  carbon  combines  directly  with  hydrogen  also»  and  there 
19  formed  a  gas  called  acetylene  (C^H,).  With  nitrogen  it  unites 
1o  form  cyanogen  (CN)  when  a  current  of  nitrogen  ga«  is  paasod 
t  hrough  a  column  of  ignited  charcoal  which  has  previously  been 
charged  with  carbonate  of  potassium  by  soaking  it  in  a  solution 
of  this  salt ;  but  it  will  not  unite  with  nitrogen  without  the  inter- 
vention of  the  alkaline  carbonate  or  of  aomc  other  substance. 
With  chlorine  and  the  other  members  of  the  chlorine  group  it 
does  not  unite  except  indirectly ;  but  with  several  of  the  metals  jt 
unitefl  directly  to  form  badly  defined  compounds  called  carburete 
or  carbides.  Upon  the  chlorides  and  their  analogues  carbon  has 
no  action,  and  the  same  remark  is  true  of  some  refractory  oxides, 
Bueh  as  silicic  acid  and  oxide  of  aluminum  ^  which  are  not  decom- 
posed by  charcoal,  even  at  a  white  heat ;  but  at  a  $»troug  red  heat 
it  reducee  most  of  the  sulphates  to  the  condition  of  sulphides  (for 
example — 

CaSO,  +  2C  =  CaS  -f  2C0,), 
and  the  nitrates,  chlorates,  and  perchlorates  to  the  state  of  car- 
bonates— 

2(K,0,N,0.)  +  5C  =  2(K,0,C0,)  ^  3C0,  +  4N. 

385.  A  physical  property  of  charcoal,  which  is  of  great  prac- 
tical importance,  is  its  power  of  absorbing  and  condensing  within 
its  pores  a  great  yariety  of  gases  and  Yapors ;  it  absorbs  coloring- 
matters  also,  and  various  other  substances  as  well,  abstractixig 
them  from  solutions  in  which  they  are  contained. 

.Erp.  158. — Take  from  the  fire  a  live  coal  (charcoal)  as  large  as  a 
Ken's  egg,  extingui^^h  it  by  covering  it  up  tightly  in  a  small  metallic 
T«as4<l  or  by  covering  it  with  sand^  and  wait  until  it  bos  become  cold : 
weigh  it  cnrefully  upon  a  delicate  balance^  and  record  the  weight 
FUce  tliewei<;1ied  coal  in  such  a  situation  (in  a  damp  cellar,  for  example) 
that  it  shall  be  freely  exposed  to  moist  air  during  twenty-four  hours ; 
Again  weigh  it,  and  note  the  incretise.  Boxwood  charcoal  has  been 
found  to  increaae  in  weight  14  per  cent,  in  the  course  of  a  single  daj^ 
and  any  ordinary  charcoal  will  usually  increase  in  weight  from  10  to 
12  per  cenL 

Sip,  150. — ^Take  from  the  fire,  as  beibre,  a  piece  of  charcoal  which 
baa  been  heated  to  full  redness  for  some  time  j  thnxst  it  imder  water*  so 
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thftt  it  mnv  be  suddenly  rortled,  and  observe  that  it  ainks  ia  the 
and  that  few  or  no  bubbles  of  gas  escape  from  iU  pores* 

Talce  another  piec<?  of  charcoiil  which  hrta  long  been  exposed  to  the 
iiir  tmd  hii?  not  recently  been  heated,  attftoh  to  it  n  quantity  of  sheet 
lead  sufficient  to  sink  it  in  wAterj  and  iinmerde  the  whole  in  a  large 
beaker  plass  two-th'ird?i  full  of  hot  wftter.  Tht^  mobile  water  will  im- 
medifttely  enter  the  pores  of  the  eharcoal,  and  a  portion  of  the  air 
which  hftd  previouisly  been  absorbed  by  these  porei*  will  be  driven  Ottt, 
and  can  be  Been  escaping  in  bubbles  through  the  water,  cbieflj  from 
th6  broken  ends  of  the  coaL 

In  a  similiir  way,  if  a  piece  of  old  charcoal  be  placed  in  a  bottle  fdll 
of  water  standing  inverted  upon  the  water-pan,  a  quantity  of  air  will 
gradually  be  expelled  from  it  as  the  water  enters  itd  pores,  and  will  col- 
lect at  the  top  of  the  bottle. 

The  air  can  fit  any  time  be  quickly  removed  by  finking  a  piece  of 
the  charcofllj  by  means  of  lead,  in  water  of  the  ordinary  temperature, 
placing  the  vessel  which  contaiim  the  water  imder  the  receiver  of  an 
ftir-pOQip  and  pumping  out  the  air  from  this  receiver;  as  the  preagnre 
of  the  atmosphere  is  removed  from  the  Siirface  of  the  water  a  ntulti* 
tude  of  bubbles  of  air  will  be  seen  to  issue  from  the  pores  of  the  coaL 

To  the  pre>i3ence  of  air  and  aqueous  vapor,  which  has  been  thus 
absorbed,  is  to  be  attributed  the  snapping  and  eracklingj  of  old 
charcoal  when  it  ia  thrown  upon  a  hot  fire.  Charcoal  which  baa 
been  recently  made^  and  which  has  not  yet  absorbed  air  and 
moisture^  does  not  thus  snap  and  crackle;  moreover  it  kimllea 
much  more  easily  than  charcoal  which  has  long  been  exposed  to 
the  air  ;  for  from  the  latter  a  quantity  of  gaa  and  vapor  must  be 
expanded  and  driven  out  before  the  coal  can  ignite^  and  this  ex- 
pansion, beinjr,  of  course^  attended  with  absorption  of  heat,  keeps 
down  the  temperutare  of  the  coal  below  the  kindling- point. 

It  h  not  necessary  that  charcoal  he  fref^hly  made  or  recently 
heated,  in  order  that  it  may  kindle  readily,  if  only  it  has  been 
kept  in  closed  vessels,  and  thus  prevented  from  abaorhing  mois* 
ture.  In  the  laboratory  it  is  well  to  throw  the  remnants  of 
charcoal  tires  into  an  iron  kettle,  furnished  with  a  tightly  fitting 
cover,  in  order  to  have  always  a  store  of  easily  inflammable  coal 
for  starting  new  fires  in  small  hand- furnaces. 

The  absoqitive  power  of  charcoal  for  gases  can  readily  be  ahowa 
directly  by  phicing  recently  ignitad  diarooaX  in  a  small  confined 
volume  of  almost  any  gas. 
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Exp,  leO.— Fill  a  gl^sa  cylinder  of  200  or  300  a  c.  capacity  with 
dry  sulphurous  acid  gas  (Exp.  06),  over  the  mercury  trough ;  take 
irom  the  ftre  a  red-hot  piece  of  charcoal  as  large  ai?  can  be  introduced 
into  the  mouth  of  the  cylinder ;  thrust  it  beneath  the  surface  of  the 
mercury  and  hold  it  there  for  a  momenti  in  order  that  it  may  bo  ex- 
tinguished, then  pass  it  up  into  the  jar  of  sulphurous  acid*  Mercmj 
will  ris«  in  the  cylinder  in  proportion  as  the  gas  is  absorbed,  and  will 
soon  completely  fill  it. 

380.  As  one  result  of  the  enormous  condensation  to  which 
are  subjected  when  thus  absorbed  by  coal,  heat  is  necee- 
y  developed ;  the  temperature  of  the  charcoal  rises  as  the  gas 
19  condensed  in  it^  and  to  such  an  extent  that  heaps  of  recently 
ignited  finely  divided  charcoal  often  take  fire  on  being  exposed 
to  the  air. 

Bifferent  gases  are  absorbed  by  charcoal  in  very  different  pro- 
portions. It  has  been  found,  by  experiment,  that  one  cubic  cen- 
timetre of  dry,  compact  charcoal,  'such  as  that  from  boxwood,  will 
absorb  in  the  course  of  twenty-four  hours: — 


90  ce. 

of  Ammonia  gas. 

35cc 

of  defiant  gas. 

«5   „ 

„  Chlorhydric  acid  gas. 

94  « 

«   „ 

„  Sulphurous  acid  gas. 

9-3  „ 

p  Oxygen. 

166   ., 

„  Sulphydric  acid  gas. 

76  „ 

ff  Nitrogen. 

40   , 

„  Nitrous  oxide  gas. 

50^ 

»  Mawhgas. 

«   .» 

„  Carbonic  acid  gas. 

18  „ 

„  Hydrogen. 

As  one  consequence  of  this  diversity  of  absorbing-power,  it 
follows  that,  from  a  mixture  of  several  gases^  charcoal  can  remove 
gome  gases  more  readily  than  others.  Thus,  when  recently  igni- 
ted charcoal,  which  has  been  cooled  under  mercury,  aa  in  the  pre- 
ceding experiment,  is  passed  up  into  a  jar  of  common  air,  it 
iibBorbs  the  oxygen  more  rapidly  than  the  nitrogen.  But,  on  the 
other  handf  it  is  found  that,  after  the  charcoal  has  become  satu- 
rated with  one  kind  of  gas,  it  can  stiU  take  up  a  certain  quantity 
of  any  other  gas  which  may  be  presented  to  it. 

387.  This  power  possessed  by  charcoal  of  absorbing  gaaea  ia. 

idcntly  a  particular  case  of  the  physical  force  called  adhesion 
or  capillary  attraction,  whose  manifestations  are  familiar  to  ue 
in  the  drinking  up  of  water  by  a  sponge,  or  of  oil  by  a  lamp- 
wick.      If  the  charcoal  be  moistened  with  water  (that  is  to  aay^ 
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if  its  pores  be  clogged  by  the  interposition  of  a  liquid),  iti  ilh* 
sorbing-powcr  for  gases  will  be  largely  diminibbed. 

This  subject  is  chiefly  interesting  to  chemists  because  of  its 
intimate  eoimexion  with  the  power  of  cau^^ing  various  gases  to 
combine  with  one  another,  which  is  possessed  by  charcoal  as  well 
RB  by  finely  dinded  platinum  (§§  224,  240)  and  several  other  sub- 
stances. In  the  some  way  that  spongy  platinum  causes  hydrogen 
and  oxygen,  or  fiulphnrous  aeid  and  ox3'gen,  to  unite  with  one 
another,  chemical  combination  ensues  when  mixtures  of  vanous 
gases  are  brought  into  contact  with  charcoalp  Though  the  ab- 
sorbent power  of  platinum,  as  regards  gases,  can  hardly  be  com- 
pared with  that  of  charcoal,  its  power  of  causing  combination  is 
very  much  greater ;  platinum  appears  to  possess,  moreover,  in  a 
marked  degree,  the  faculty  of  attracting  and  attaching  to  itself 
small  tjuantitiea  of  most  gases. 

Charcoal  can  be  made  more  efficient  as  an  agent  for  causiDg 
combination,  by  covering  it  with  a  film  of  platinum.  If  coorsely 
powdered  charcoal  be  thoroughly  impregnated  with  bichloride  of 
jilatinum  by  boiling  it  for  some  time  in  an  aqueous  solution  of 
this  salt,  and  if  it  he  then  heated  to  redness  in  a  close  crucible, 
in  order  that  the  platinum  salt  may  be  decomposed,  there  will  be 
left  a  residue  of  platinum  ever}'where  attached  to  the  sides  of  the 
pores  of  the  coal.  Such  platinized  cool  is  veiy  eft'ective,  both  as 
an  absorbent  of  gases  and  as  an  agent  for  producing  combination. 
Bat  even  by  itself  charcoal  bus  a  very  decided  infiuciioo  upon  the 
combination  of  gases. 

If  recently  ignited  charcoal  be  allowed  to  become  chargod  with 
dry  sulphydrie  ucid  gas  and  then  introduced  into  an  atmosphere 
of  oxygen,  the  elements  of  the  sulphydrie  acid  will  combine  with 
the  oxygrn  so  quickly  that  an  explosion  ensaes,  and  both  water 
and  Bulphnrous  acid  are  produced. 

If  the  coal  charged  with  sulphydrie  acid  be  brought  into  contact 
with  air.  insteiid  of  pure  oxygen,  combination  will  occur  as  before, 
only  more  slowly ;  in  this  case,  however,  iho  hydrogen  alone  will 
be  consumed,  the  sulphur  of  the  sulphydrie  acid  being  set  free  in 
the  solid  fitate. 

Charcoal  is  much  employed  as  a  disinfecting  agent  It  is 
t»pabla  of  removing  majiy  offensive  odors  from  the  air — «ucb,  for 
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example  as  the  fetid  products  given  off  during  the  putrcfactf '^t* 
of  animal  and  vegetable  substances.  Animal  mBtter  in  an  a'l- 
aced  stage  of  putrefaction  lose^  all  offensive  odor  when  covered 
ith  a  layer  of  charcoal ;  and  the  flesh  of  a  dead  animal  buried 
beneath  a  thin  layer  of  charcoal  will  gradujilly  wa.ste  away  and 
be  consumed  without  exhaling  any  uu pleasant  smell. 

Mrp.  IGl. — ^Place  a  small  quantity  of  powered  charcoal  in  a  bottle 
containing  sulphydric  acid  gas  and  ahake  the  bottle.  The  odor  of  the 
tuipbydrie  acid  will  quickly  disappear.  In  the  same  way^  an  aqueous 
aolution  of  atilphydric  acid  (Exp.  S6)  can  be  deodoriied  by  Ultering  it 
through  a  layer  of  charcoal. 

Exp.  162. — In  a  shallow  open  basket,  or  in  a  box  throug^h  the  bot- 
tom of  which  nunierons  boles  have  beim  bored,  spread  a  layer  of 
coarwly  powdered  boneblack  about  5  cm.  tbick»  placing  a  sheet  of 
El t<? ring- paper  btflow»  if  need  be,  to  prevent  the  powder  from  Bifting 
throit^rh  the  holes  in  the  box.  Place  the  body  of  a  rat  or  of  mme  other 
small  animal  upon  the  layer  of  boneblack,  and  pour  on  more  bone- 
black  until  the  rat  is  covered  with  a  layer  of  it  about  5  cm.  deep. 
Hang  up  the  basket  or  box  in  a  wann  room,  so  that  air  may  have  free 
access  to  it,  and  leave  it  at  re^t.  After  the  lap^e  of  several  weeks 
it  will  be  found,  on  examination,  that  all  the  putrescible  portions  of 
the  animal  have  di^^appearpd,  and  that  nothing  is  left  but  a  mass 
of  hair  and  bones;  but  in  the  interim  no  odor  will  have  been  de- 
tected arising  from  the  decomposing  animal,  excepting  a  iaint  odor 
of  ammonia. 

la  the  same  way,  water  can  be  preserved  imtainted  in  casks  which 
haTc  been  charred  internally;  nnd  the  quality  of  some  kinds  of  wine  is 
improved  if  it  be  stored  in  such  ca^ks. 

In  all  these  C4i5e8  the  use  of  charcoal  as  a  disinfectant  depends 
not  merely  upon  its  mechanical  ability  to  absorb  offensive  gaaes, 
but  al^  and  mainly  upon  the  fact  that  the  absorbed  gases  are 
cliemically  destroyed  within  the  pores  of  the  coal  by  the  oxygen 
which  is  sucked  into  these  spacer*  from  the  air.  The  purifying 
action  depends  upon  oxidation,  upon  the  burning  up  of  the  offcn- 
mve  gases  as  fast  as  they  are  formed.  The  charcoal  is  in  no  &en»e 
mn  aDtiscptic,  or  preservative  agent  proper  to  prevent  decay ;  on 
the  conirary,  it  actuaUy  hasten?f  llie  destruction  of  putrescible 
organic  mattera,  Undt-r  ordinary  circumstances,  while  in  con- 
tact with  the  air,  the  pores  of  chareoiil  are,  of  course,  always 
charged  with  oxygen  by  virtue  of  their  absorptive  power.    When- 
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erer,  therefore,  atiy  new  gas  is  drag:ged  in,  and  forced  into  inti- 
mate contact  with  this  oxygen,  it  is  precisely  as  if  the  gas  had 
been  carefully  collected  and  then  subjected  to  the  action  of  some 
corrosive  chcraicul  agent  A  great  merit  of  charcoal  as  a  disin- 
fectant is,  that  it  constantly  draws  in  to  dostniction  the  offensive 
matters  around  it;  pans  of  charcoal  placed  about  a  room  (the 
wards  of  a  hospital,  for  example)  the  air  of  which  is  offensive^ 
Boon  remove  the  unpleasant  smell-  Sieves  of  charcoal,  plac^ 
across  the  air-venta  of  sewers  in  such  manner  that  the  out-goin^ 
air  may  he  Altered  throtigh  the  charcoal,  are  found  to  be  moet 
efficient  instruments  for  destroying  the  noxious  effluvia  which 
commonly  escape  from  these  openings.  In  this  case,  where  a 
current  of  air  is  constantly  passing  through  the  charcoal  filter, 
the  latter  will  preserve  its  efficiency  for  an  indefinite  length  of 
time,  if  only  it  be  kept  dry ;  for  the  action  of  the  coal  consista 
merely  in  bringing  about  oxidation  and  destruction  of  the  olFen* 
sive  gases  of  the  sewer ^  and  as  fast  as  one  portion  of  these  is  oon*' 
sumed  a  new  portion  can  be  taken  in  to  destruction. 

383.  Charcoal  not  only  destj-oys  odors,  but  it  removes  colore 
aa  well;  and  for  this  purpose  it  has  lona;  been  employed  in  the 
purification  of  sugar  and  of  many  chemical  imd  pharmaceutic-al 
prejjarations.  Almoijt  any  coloring-matter  can  be  removed  from 
a  solution  by  filtering  the  li(|uid  through  a  layer  of  charcotiL 

Exp.  Kl^L^ProWde  four  small  brattles  of  the  capacity  of  100  or  200 
c.  c,  and  place  in  each  of  them  a  table-spoonful  of  bonehlai^k  (J  389)  j 
into  the  fii-st  bottle  pour  a  quantity  of  tli©  blue  compound  of  icxltno 
and  starch  obtained  in  Exp,  Oi>,  into  the  second  a  deror.liwn  of  cochi- 
neal, into  the  third  a  diluted  portion  of  the  blue  liquor  obtained  by 
diasolving  indij^o  in  Nonlhaanen  sulphuric  acid»  and  iiito  the  fourth  a 
aolution  of  pfTnianganate  of  potassium,  enough  of  the  snlittiou  being 
taken  in  eacjj  instance  to  nearly  fill  the  bottle,  Cork  the  bottles  luid 
shake  them  violently,  then  pour  the  contents  of  each  upon  a  filter  (see 
Appendix^  §  14),  and  observe  that  tbe  filtrate  is  in  each  iosUinre  color- 
less or  nearly  m.  In  case  the  first  portions  of  the  filtrate  happen  to 
come  throu)Tch  colored,  they  may  be  poured  back  upon  the  filter  and 
allowed  to  again  paj^^  through  the  coal. 

Id  the  purification  of  brown  smp^ar  the  coloring-matters  are  removed 
in  a  manner  similar  to  the  foregoing,  the  colored  syrup  beingr  filtered 
through  layers  of  boneblack.  Many  cry .«tal livable  oiyanic  acids  and 
ilkaloids  are  puxided  in  the  same  way  in  the  chemical  laboratoij.   But 
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it  muit  never  be  ibrgotten  that  cbarcoal  con  absorb  mAnv  otber  sub- 
8taD«e»  besides  colormj^-m?itLer*j :  sulphate  ol  qainine,  for  uxnmjile, 
is  removed  from  its  solutioiis,  t3  a  very  considerable  extent,  by  char- 
coal ;  Rad  the  sauie  remark  applies*  with  perhaps  still  more  force*,  to 
strychaine.  The  bitter  prinet^le  of  the  hop,  "  lupul  n/'  may  be  en- 
tirely removed  from  ale  by  nlteriiijx  the  latter  through  bone-bIat:k» 
The  removal  of  metals,  like  gold  aad  silver,  from  their  dUute  solutions, 
by  mt-ans  of  chftrcoal,  uppettr*  to  b^  n  phenomeuoii  of  the  same  order. 
In  till  these  cases  where  coloring- matters,  and  the  like,  are  re- 
moved from  solutions,  the  action  of  the  coal  appears  to  depend 
in  the  main  directly  upon  the  physical  properly  of  adhesion,  the 
subucquent  oxidizing  action  being  here  far  less  clearly  marked 
than  in  the  instanceji  previously  studied  (§  3^7)  where  gases  are 
mated  upon.  Much  of  the  absorbed  color  or  other  matter  will 
tistially  be  found  attached  to  the  surfaces  of  the  coal,  undrcom- 
post'd  and  unaltered^  Thus,  if  the  coal  which  ha3  been  chirged 
with  a  solution  of  indigo  in  sulphuric  acid,  in  Exp.  IG;i,  be 
dictated  in  a  solution  of  caustic  soda,  the  latter  will  dissolve  the 
indigo  hnd  remove  it  from  the  coal ;  the  alkdoids  above  men- 
tioned^ which  have  been  removed  from  thidr  aqueous  solutions  by 
mcan»  of  charcoal,  can  be  again  recovered  by  boiling  the  roal  in 
alcohol ;  and  the  metals  can  be  dissolved  again  by  means  of  strong 
acids. 

Wlien  employed  to  remove  coloring-matters,  charcoal  soon  be- 
comes saturated  with  the  color  and  ceases  to  absorb  any  more  of 
it ;  if  the  spent  coal  be  then  collected  and  redistilled,  it  will  be 
found  thut  it  has  regained  but  little  of  its  decolorizing- power ;  for 
il5  pores  are  filled  with  charcoal  resulting  from  the  carbonization 
of  the  ab'^orbed  coloring-matters  and  tliis  charcoal  is  not  porous, 
but,  on  the  contrary,  compact  and  glistening,  like  the  charcoal 
obtained  from  sugar  or  glue,  and  is  almost  entirely  destitute  of 
dceolorizing-power.  In  order  to  revivify  their  cool,  the  sugar* 
rcfinoi'8  digest  it  in  chlorhydrie  acid,  allow  it  to  ferment  in  order 
thftt  the  absorbed  matters  may  be  decomposed,  and,  finally,  after 
ing  and  drying,  subject  it  to  distillation. 
'  SSl^,  As  obtained  from  different  sources,  charcoal  exhibits  very 
dI0erent  degrees  of  decolorizing-power ;  but  of  the  varieties  com- 
monly met  with  and  to  be  procured  in  commerce,  bonebbick  is 
liitj  moat  efficient.     Boneblack  is  prepared  for  the  use  of  sugar* 
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refinera  by  subjecting  bones  to  destructive  distillntioii  in  iron 
cylinders  and  carefully  oooling  tbe  charcoal  out  of  contact  with 
the  air. 

Exp.  164,— Repeat  Exp.  148,  p.  293.  but  instead  of  bitutninoua  coal, 
charge  the  ifrnition-tube  with  coarsely- powdered  bone.  Biatil  as  long 
m  gns  is  evolved,  then  remove  the  (felivery-tubu  from  the  water,  plujf 
it  by  means  of  n  bit  of  eaoutchoiic  tube  and  a  glass  rod,  and  wait  until 
the  itmitiou-tube  is  eold,  before  opening  it  to  examine  the  boneblack. 

Dry  bones  contain  only  about  one -third  their  weight  of  oipiido 
matter,  neaily  6fj  per  cent,  of  them  consisting  of  phospbato  of 
calcium,  in  the  interstices  of  which  the  animal  matter  ia  difitii- 
buted ;  hence  it  happens  that  t!ie  cbareotil  obtained  by  distilling 
bones  is  in  an  exceedingly  porous  and  divided  condition.  Tho 
decolorizing-power  of  bone- charcoal  may,  moreover,  be  increased 
by  digesting  it  in  dilute  chlorhydric  acid,  which  disaolvea  out  a 
portion  of  the  phosphsite  of  calcium  and  leaves  the  charcoal  even 
more  porous  than  befure. 

But  because  boneblack  is  most  commonly  employed  for  de- 
colorizing, it  must  not  therefore  be  inferred  that  it  is  tbe  roost 
powerful  decolorizer  of  the  several  varieties  of  charcoal,  A  more 
eftieient  coal  can  easily  be  prepared  by  mixing  nitrogeni^ed  organic 
matters,  such  as  blood,  hoofs,  boras,  or  scraps  of  leather,  with 
carbonate  of  potassium,  distilling  the  mixture,  and  finally  leaching 
the  product  with  water.  Charcoal  of  peculiar  dt^colurizing-powcr 
may  be  prepared  by  igniting  a  mixture  of  4  part-^  of  frewh  blood 
and  1  part  of  carbonate  of  potassium  in  an  iron  crucible,  so  long 
as  vapors  are  evolved,  then  wnshing  the  product  with  water  and 
boiling  it  with  chlorhydric  acid,  and  again  washing,  drying,  and 
igniting  in  a  close  vessel.  A  solution  of  horn -filings  in  caustio 
potash,  evaporated  to  dryne^is  and  ignited,  also  yields  a  very 
effective  charcoal.  As  with  boneblaek,  the  efficiency  of  this  eonl 
prepared  with  caustic  or  carbonated  potash  appears  to  depend 
upon  the  minute  subdivision  of  its  particles  and  tho  jK>rosily  re- 
suiting  from  the  niixturo  of  the  inorgnaic  matter.  The  docolo- 
rizing-power  of  tho  charcoal  obtained  fi^om  vegetable  substan^M^ 
can  be  in  like  manner  increased  by  mixing  these  substances  with 
lime  or  clay  before  the  carbonization,  A  mixture  of  100  pflrti 
pipe-day,  stirred  up  witb  water  to  the  consistence  of  a  thin  paste^ 
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20  porta  of  tar,  and  500  parts  of  powdered  bitj^ninous  coal  yields  a 
oharcool  which  decolorizes  almost  as  well  as  boneblauk.  It  id, 
however,  no  very  easy  matter  to  determine  which,  of  a  number 
of  varieties  of  charcoal,  is  the  most  powerful  decolorizer,  since 
the  decolorizing- power  differs  with  the  nature  of  the  coloring- 
matter  as  well  as  according  to  the  quaHty  of  the  charcoal.  .  It 
has  been  found,  for  exam  file ,  that  with 
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390.  Cottt pounds  of  Cdf^n  and  Hffdrorjtn  are  exceedingly 
numerous.  There  are  many  different  series  of  them,  each  mem- 
ber of  either  of  these  series  differing:  but  slightly  from  its  next 
neighbors  in  composition  and  properties.  But  all  these  substances 
ore  commonly  classed  as  organic  compounds ;  they  constitute  a 
ipedal  branch  of  chemical  science  called  organic  chemistry,  and 
are  not  discussed  in  works  which  treat  of  all  the  elements  com- 
monly met  with,  without  special  reference  to  any  one.  This  sub- 
division of  the  general  subject  is  resorted  to  merely  for  convenience; 
there  is  no  inherent  reason  why  the  compounds  of  hydrogen  and 
carbon  should  not  be  studied  in  this  manual  as  well  as  the  com- 
pounds of  hydrogen  and  oxygen.  But  since  carbon  is  capable  of 
unitiBg  with  hydrogen,  oxygen,  or  nitrogen,  or  with  two  of  these 
elcmenta,  or  with  all  three  of  them,  in  the  most  varied  propor- 
tion 8»  there  are  formed  so  many  different  compounfls^  that  it  has 
been  found  advanUigeoua  to  study  them  by  themaclvea* 
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The  i>e«t  definition  of  the  so-called  organic  chemistry  which 
can  be  given  to-day,  is,  that  it  is  the  Chemi.stry  of  the  Corapoiinds 
of  Carbon.  The  department  of  organic  ebemistiy  has  grown  out 
of  ordinary  chemistry  solely  because  of  the  fact  that  the  com- 
pounds of  carbon  with  hydrogen^  oxygen,  and  nitrogen  are  more 
numerous,  and  often  of  more  complex  composition,  than  the  oom- 
pounda  formed  by  miy  of  the  other  elements.  These  compounds 
of  carbon  with  hydrogen,  and  with  the  other  elements,  are  all 
definite  chemical  compounds  conforming  to  the  law  of  multiplo- 
proportiona  (§76);  but  they  count  by  thousands,  and  the  mere 
enumeration  of  their  names  and  properties  would  fill  a  volume. 

391.  As  examples  of  the  series  of  compounds  of  carbon  and 
hydrogen,  to  which  allusion'  was  just  now  made,  the  following 
llsta  may  be  gi\^en  : — 
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The  first  series  of  the  compounds  above  formulated  is  found 
in  petToleum,  and  in  the  oil  known  as  coal -oil,  obtained  by  distil- 
ling highly  bituminous  coals  and  shales  at  comparatively  low  tcm- 
ptsratures ;  the  petroleum  used  for  lighting  contains  aU  these 
different  compouuds,  together  \vith  others  of  the  same  claaft. 
The  second  series  may  generally  be  obtained  by  the  destructive 
distillation  of  various  organic  compounds;  and  the  members  of 
the  third  series  are  found  in  the  most  volatile  portion  of  coal-tar 
— the  tar  obtained  by  distilHng  bituminous  coal  at  high  tempera- 
tures, as  in  the  manufacture  of  illuminating  gas. 

It  will  be  observed  that  there  is  a  constant  difference  of  one 
atom  of  carbon  and  two  atoms  of  hydrogen  (CH^)  between  any 
two  contiguous  compounds  enumerated  in  the  lists*  The  boiling- 
points  of  the  several  meinbera  exhibit  a  con.stant  difiVrence  of  iJO'* 
for  each  increment  of  CH,,,  as  we  go  down  the  lists,  so  far  as  has 
been  determined ;  and  so  with  all  the  other  physical  propertici, 
Bucn  a3  spedic  gravity,  mobOity,  expansibility  by  heat,  and  the 
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like ;  the  intensity  of  these  properties  increases  or  decreases  re- 
gularly, iu  a  constant  ratio,  as  we  pass  from  one  member  of  the 
series  to  the  members  next  in  order.  Such  series  are  called 
"  homologous  *'  series  (having  the  same  proportion) ;  they  are 
clearly  analovons  to  the  groups,  families,  or  ierUs  of  elements 
which  we  have  already  studied  in  chlorine,  bromine,  and  iodine 
(§  152),  in  oxygen,  sulphur,  selenium,  and  tellurium  (§  257),  in 
nitrogen,  phosphorus,  arsenic,  antimony,  and  bismuth  (§  3G4),  and 
M^  now  proceeding  tt>  study  in  carbon,  boron,  and  sHicon*  Just 
as  in  theae  groups  of  elements  the  student  has  seen  a  true  serial 
arrangement  of  tbe  different  members,  and  bus  observ'ed  that  the 
different  terms  of  eneh  series  differ  from  one  another  in  atomic 
weight  and  exJiibit  parallel  diiferences  in  the  intensity  of  their 
properties,  so  here  in  each  of  the  homologous  series  of  hydrocar- 
Inms  there  have  been  observed  similar  constant  differences.  In 
the  series  of  hydroearboiia,  we  know  that  there  is  a  constant  dif- 
ference of  composition  of  CH^^;  and  this  difference  of  composition 
w©  believe  to  be  at  the  bottom  of  the  constant  difference  of  phy- 
ileal  properties ;  but  to  the  cause  of  the  constant  differences  in  the 
homologous  series  of  elements  we  have,  as  yet,  no  clew. 

'Ihe  power  of  arrancfing  numerous  allied  compounds  into 
groups  or  series,  like  those  enumerated  upon  page  312,  hjis  been 
of  great  service  to  chemists  in  facilitating  the  atudy  of  the  com- 
poonds  of  carbon.  Tor  every  such  series  a  general  algebraic 
expression  has  been  devised  which  serves  as  the  name  of  the 
series.  Like  any  other  name,  this  concise  expression  brings 
before  the  mind  of  the  chemist  the  general  properties  of  the 
serieis.  Thus  the  expression  C„HJ^^,J  is  general  for  the  first 
series  above  mentioned,  CJisa  l^r  the  second,  and  C,  ^  ^Hj^  tor 
the  tldrd. 

In  this  manual  we  shall  describe  only  one  of  the  compounds  of 
carbon  and  hydrogen,  a  compound  which  occurs  ready  formed  in 
n&ture. 

392.  Mnr$h'fftn,  or  Light  CnrhurettffI  Bydrogm  (CH^),  b  a 
permanent  gas  which  eonstitutes  a  large  proportion  of  the  ordi- 
nary illuminating  gaa  obtained  from  coal.  It  is  disengaged  in 
large  (juuntiticii  from  some  sorts  of  bituminous  coal,  even  at  the 
ordinaiy  tcmpeiature  ol  the  air>  and  more  rapidly  at  higher  tern* 
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pe  rat  urea.  In  coal  mines  the  gas  thus  given  off  is  kno^ 
**  fire-damp  ; "  by  mixing?  with  air,  in  the  gJillories  of  badlj  ven- 
tilated mines,  it  farms  explosive  mixtures,  which  frequently  ocoa* 
sion  fi-ightful  accidents  when  ignited  through  carelessness. 

The  gas  is  evolved  also,  in  large  quantities,  from  the  mud  at  the 
bottom  of  stagnant  pools  ;  it  is  one  of  the  products  of  the  putii^- 
faction  of  vegetable  matter  under  water,  where  tlie  supply  of  air 
18  insufficient  to  oxidize  the  matter  completely  to  carbonic  acid 
and  water ;  hence  the  name  marsh -gas. 

In  hot  wt*ather  raarsh-gas  can  be  obtained  by  thrusting  a  pole  into 
the  mud  at  the  bottom  of  a  pond  and  collecting  the  bubbles  of  gus  a» 
they  ri.He,  by  holding  over  them  an  inverted  bottle  full  of  water. 
When  the  bottle  has  been  filled  with  gas  it  should  be  corked  tightly 
under  wnter,  and  carried  to  the  laboratory  for  exarniuatiun.  The  gatf 
thus  obtained  ia  contAiiiiaated  with  nitrogen  and  with  a  large  quantity 
of  carbonic  acid,  these  gases  being  set  free,  together  with  maish-gas, 
during  the  process  of  puti-e faction*  Before  the  gas  thus  collected  will 
bum,  it  if*  usuiiUy  found  uBce^sary  to  remove  from  it  the  carbonic  acid; 
this  (mn  be  done  by  pouring  into  the  bottle  a  small  quantity  of  a  so- 
lution of  caustic  soda,  or  some  milk  of  lime,  closing  and  shaking  the 
bottle,  txnd  finally  removing  the  stopper  under  wtiter.  The  bottle  may 
thtui  be  pUced  upright  and  a  lighted  match  applied  to  the  gas ;  it  wiU 
take  fire  and  burn  with  a  blue  tiamc,  the  size  of  whifb  may  be  in- 
creased by  pouring  water  into  the  bottle  so  that  the  gas  shall  be  driven 
out  into  the  air. 
The  gas  may  be  prepared  artiiicially  as  follows  : — 

£xp.  IGo.  Mix  together  2gTma.of 
cr)*staUi«ed  acetaU*  of  sodium, 4 gnM* 
of  caustic  soda,  and  8  gnus,  of  slaked 
hm e.  H  eat  tb e  mi xt ure  gently  upon 
an  iron  plate,  until  all  the  water  of 
er\'stallization  of  the  acetate  baa 
been  expelled  and  the  ma^^s  has  be- 
come dry  and  friable.  Chargt>  an 
ignition -tube  20  cm.  long  witli  the 
dr^^  powder,  heat  it  above  the  gaa- 
lamp.and  colb'ct  thega^n  at  the  water* 
pan,  as  shown  in  Fig,  btl,  Carbu- 
fctted  hydrogen  is  evolved  from  the  mixture  at  a  teuiperalure  below 
rednes?,  and  a  rtVidue  of  carbonate  of  Rodiimi  is  left  in  the  igiiition- 
tnbe.    The  purpose  of  the  lime  is  to  render  the  mass  porous  and  in- 
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fusible,  or  nearly  infusiWe^  so  that  the  tube  mny  be  bented  eqitnbly. 
If  cnuftic  soda  is  Leated  with  the  acetate  without  addition  of  lime, 
the  tube  u^ufdly  breaks,  ev^n  when  th**  mixture  has  been  dried  before- 
hand.   The  reaction  may  be  represented  as  followa : — 

C3,H,NaO.        H-        NallO        =        CIl^        ^        Ka,CO,, 

^y  Acdati' of  Hijdratc  of  w    ^^^»  Cai'btmait  of 

Smiiunu  Jifodium,  *        *  Sodium* 

393.  Marsh-gas  is  transparent,  colorless,  and  little  more  than 
balf  as  heavy  as  air.  Next  to  hjdrogen  it  is  the  lightest  known 
substance,  iU  speciiic  gravity  being  only  8.  It  takes  fire  readily 
when  touched  with  a  lighted  match,  but  is  nevertheless  more 
difficult  of  indummation  than  most  of  the  other  combustible  com- 
pounds of  hydrogen.  While  free  hydrogen  and  sulphuretted 
hydrogen  can  be  lighted  by  a  glass  rod  which  has  been  heated  to 
dull  redness,  tbo  rod  must  be  raised  to  the  temperature  of  bright 
Tedness,  or  even  to  a  white  heat,  in  order  that  it  may  kindle 
marsh-gas.  As  prepared  from  acetate  of  potastjium,  the  gas 
bams  with  a  pale  yellowish -blue  flame.  It  is  rather  more  solu- 
ble in  water  than  oxygen ;  at  0^  one  volume  of  wat<?r  dissolves 
0  055  volume  of  it.  It  has  never  been  condensed  to  the  liquid 
condition, 

394,  We  have,  thus  far,  observed  three  different  proportions 
in  which  the  other  elements  unite  with  hydrogen.  The  members 
of  the  chlorine  group  unit©  with  hydrogen,  by  preference,  in  the 
proportion  of  one  volume  to  one  volume ;  one  volume  of  any 
member  of  the  sulphur  group  combines,  by  preference*  with  two 
volumes  of  hydrogen  ;  one  atom  of  any  member  of  the  nitrogen 
group  unites,  by  preference,  with  three  atoms  of  hydrogen.  The 
condensation  increases  in  direct  ratio  to  tho  increasing  proportion 
of  hydrogen,  so  that,  in  every  case,  two  volumes  only  of  the  re- 
aultnnt  compound  arc  produced.  We  have  thus  become  familiar 
with  the  fact  that  the  space  occupied  by  the  molecule  of  a  com- 
pound gas  is  always  two  unit- volumes  (§  258).  An  examina- 
tion of  the  molecule  of  marsh -gas  will  reveal  a  fourth  kind  of 
hydrogen -com  pound — a  compound  containing  in  the  product- 
volume  (§  260)  four  volumes  of  hydrogen  condensed.  It  is  not 
dilBcult  to  prove  experimentally  that  two  volumes  of  marsh -gas 
yields  on  decomposition,  four  Tolumes  of  hydrogen ;  but,  unfor- 
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tunately,  it  is  not  i^'ithm  our  power  to  deTnonstratc,  by  experi- 
ment, the  Tolume  of  carbon  with  which  these  four  voliinies  of  hy- 
drogen are  combined  ;  for  carbon  is  a  solid  incapablfi  of  volalHtia- 
tion  by  the  intensest  heat  at  present  at  our  command.  We  arc  able 
to  determine  the  combining  volume  of  each  constituent  of  chlor- 
hydric  acid,  steam,  and  ammonia  j  but  we  have  no  positive  know- 
ledge whatever  concerning  the  manner  in  which  carbon  enters 
into  combination  by  volume.  Its  combimn*r  proportion  by  xvaght 
can  be  ascertained ;  but  it  must  be  carefully  observed  that  all 
views  nispccting  the  volumetric  composition  of  the  very  numerous 
compounds  of  carbon  are  purely  speculative,  so  far  as  the  carbon 
is  concerned,  until  carbon  shall  have  been  actually  volatilized  and 
its  vapor  woijGrhed. 

That  marsh -^as  really  contains  hydrogen  and  carbon  may  b« 
fiftdily  proved  by  brimming  into  play,  under  appropriate  condi- 
tions, the  stronj?  affinitj'  of  chlorine  for  hydrogen .  Chl<irine  will 
set  free  carbon  from  marsh-gas,  just  as  it  liberates  nitrogen  from 
ammonia  (Exp.  64). 

Mrp.  im.— Fill  a  tall  bottle  of  the  capacity  of  250  or,  bett<*r,  500 
C,  Cu  with  watpr,  invert  it  over  the  water-pan,  and  pav  miu^h-giw  into 
it,  until  a  little  more  than  one-third  of  the  water  is  displnc***!  ;  cover 
the  bottle  witb  a  thick  towel  to  exclude  the  liy:ht,  and  th^n  till  th« 
rest  of  tlje  bottle  with  chlorine.  Cork  the  bottle  tightly,  and  shak^it 
vigorously,  in  order  to  mix  the  paiH»s  together,  keeping  the  Iw^ttle 
always  covered  witli  the  towel.  Finally,  open  the  bottle  and  apply  a 
light  to  the  mixture.  Ignition  takes  place,  chlcirhydric  acid  u  pro- 
dueed,  while  the  aides  and  mouth  of  the  bottle  become  coated  with 
solid  carbon  in  the  form  of  lampblack,  nnd  a  cluud  of  smoke  rises  into 
the  air.  The  presence  of  the  ncid  amy  be  proved  by  the  Fmrll,  by  it» 
reaction  with  moi.'^tened  blue  litmiis*pflper,  and  by  the  white  fumes 
which  are  generated  when  a  rod  moistened  with  ammonia-water  is 
brought  into  contart  with  the  escaping  acid  gas. 

Carbon  and  hydrogen  are  therefore  elementary  constituents  of 
marsh-gas.  We  should  be  glad  to  add  the  synthctial  to  tbie 
anaWiical  demonstration,  and  make  marsh-gas  out  of  carbon  and 
hydrogen  ;  but  no  means  are  at  present  known  by  which  thcso 
two  elements  can  be  directly  oombined  to  form  marsh -^as.  A3 
in  the  case  of  ammonitt»  we  are  obliged  to  rely  upon  the  assn- 
rauce  of  the  balance  that  the  sum  of  the  weights  of  the  two  oon- 
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stitucnts  separated  from  a  given  quintily  of  tnarsb-gaa  is  precisely 
equal  to  ibe  weight  of  the  marsh-gas  submitted  to  aDoIysis.  The 
sperimeoUil  prucej<s  by  which  this  fact  U  demoustmted  is  too 
implex  to  be  proHtably  studied  at  this  stage  of  progress,  and 
the  fact  mii&t  thei^fore  be  accepted  as  the  result  of  expenence* 

395.  It  remains  to  show  how  the  investigation  of  iho  composi- 
tion of  the  product-volDme  of  marsh -gas  leads  to  the  knowledge 
of  the  atomic  weight,  or  leajtit  combining  weight,  of  the  element 
carbon.  Marsh-gas  is  tlie  com|>ound  best  suited  for  ascertaining 
the  atomic  weight  of  carbon,  because  experience  has  proved  that 
it  contains  projKirtionally  less  carbon  than  any  other  hydride  of 
the  element.  We  determined  the  atomic  weight  of  ojcygen  from 
8team,  the  hydrogen  compound  which  contains  the  smallest  pro- 
portion of  oxygen, — of  chlorine  from  chlorhydric  acid,  the  only 
hydride  of  chlorine, — of  nitrogen  from  ammonia,  the  hydride  which 
contains  the  smallest  proportion  of  nitrogen.  So  the  atomic 
weight  of  carbon  is  the  weight  of  carbon  which  experiment  proves 
to  be  conti^ined  in  two  unit-volumes  of  marsh-gas^  By  physical 
determinations,  the  specihc  gravity  of  marsh -gas  has  been  shown 
to  be  8  ;  in  other  words,  one  nnit- volume  of  marsh-gas  weighs  8  ; 
then  two  unit- volumes,  or  the  product- volume,  must  weigh  16, 
How  much  of  this  weight  of  16  is  hydrogen  ?  This  question  can 
be  answered  experimentally  by  ascertaining  how  many  unit- 
Tolumea  of  hydrogen  are  locked  up  in  two  unit- volumes  of  marsh- 
g»s. 

When  a  series  of  electric  sparks  begin  to  traverse  a  measured 
volume  of  marbh-gas  contained  in  a  U-tube,  arranged  like  the 
U-tube  of  figure  11,  but  without  the  jacket,  b  c,  and  itd  accom- 
paniments, the  gas  is  found  to  expand,  and  in  a  few  minutes  a 
light  deposit  of  carbon  appears  in  the  vicinity  of  the  points  of 
the  platinum  wires.  The  decomposition  of  the  marsh -gas  pro- 
ceeds slowly;  so  that  a  considerable  time  is  required  for  the 
execution  of  the  experiment.  If  the  mercury  in  the  U-tube  be 
finnlly  brought  to  a  level  in  the  two  limbs,  it  will  be  seen  that 
the  original  volume  of  gas  has  very  nearly  doubled.  When  this 
point  is  once  attained,  the  continued  transmission  of  sparks  pro- 
duces no  further  increase  of  the  volume  of  the  gas.  The  expanded 
git  may  be  shown  by  the  usual  tests  to  be  hydrogen. 
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This  experiment  is  rather  difficult  to  perform,  and  does  ndt 
yield  perfectly  exact  rt^sultB.  for  a  minute  portion  of  marsh-gas 
escapes  decomposition ;  nevertheless  it  establishes  beyond  rea- 
BonaUe  doubt  the  fact  that  marsh-gas  contains  twice  its  vohime 
of  hydrogen.  Two  unit-vohiraes  of  raarsh-gas,  weighing  1(S, 
roust  therefore  contain  four  nntt-volcrmea  of  hydrogen  ;  but  four 
UTiit-vohimes  of  hydrogen  weigh  4 ;  therefore  the  quantity  of 
carbon  contained  in  theproduct*vohime  of  marsh-gas  must  weigh 
12,  which  number  we  admit  as  the  atomic  weight  of  carbon. 

But  it  may  bo  said.  What  means  have  we  of  knowing  that  12 
represents  the  least  combining  weight  of  carbon  ?  (for  the  atom  is 
by  definition  the  leaH  quantity  of  an  element  which  can  be  con- 
ceived to  exist  in  combination).  If  it  were  |>ossible  to  deraon- 
Btratethat  the  proportional  quantity  by  weight  of  caibon  which 
is  represented  by  the  number  12  is  just  the  quantity  required 
to  fill  one  unit-volume  when  converted  into  vapor,  we  should 
have  the  same  reason  for  believing  12  to  be  the  weight  of  one 
atom  of  carbon  that  we  have  for  considering  16  to  be  the  weight 
of  one  atom  of  oxygen,  or  35'5  the  weight  of  one  atom  of  chlorine, 
Ae  we  cannot  convert  carbon  into  vapor  at  all,  it  is  impossible  to 
ascertain  with  certainty  how  many  atoms,  or  how  many  volumes, 
12  proportional  partij  by  weight  of  carbon  really  represent;  the 
quantity  of  carbon  which  is  combined  with  four  atoms  of  hydro- 
gen in  marsh-gas  may  be  four  atoms,  each  weighing  3,  or  twe 
atoms,  each  weighing  0,  or  one  atom  weighing  12,  As  jt  is 
necessary  to  assume  some  number  of  atoms  as  represented  by  th« 
proportional  weight  12,  that  assumption  which  will  conveniently 
formulate  the  simplest  and  moat  familiar  compounds  of  carbon 
will  be  the  best.  Accordingly  it  has,  of  late,  been  assumed  that 
12  proportional  parts  by  weight  of  carbon  constitute  the  least 
quantity  of  this  element  which  is  conceived  to  enter  into  chemical 
combination,  or,  in  other  words,  that  the  atomic  weight  of  carbon 
is  12.  The  atom  of  airbon,  thus  understood,  can  then  fix,  or  com- 
bine witht  four  atoms  of  hydrogen  or  of  any  member  of  the  chlo- 
rine group,  and  two  atoms  of  oxygen  or  of  any  other  member  of 
the  sulphur  group.  The  follow^g  substances,  familiar  m  com- 
mon life,  or  subjects  of  discussion  in  this  chapter,  may  be  men- 
tioned in  illuatration  of  this  principle  : — 


M 


TTFiCAI.  HTDBOGEar  COKPOUNIka*  319 

MarHh-gft8    *     ,     ,     CHj  Carbonic  tkcid    .    .    .    CO^ 

Chloroform  .    ,     ,     CHCl,       Bisulphide  of  carbon  .     C4J, 
Chloride  of  carbon     CCl^ 

If  it  WGTG  Bssmned  th&t  12  proportionELl  parts  hy  weight,  the 

relative  quantity  of  carbon  in  each  of  the  above-mentioned  com- 
pounds, represent  two  or  four  atoms  or  volumes  of  carbon^  instead 
of  one,  every  one  of  these  formiilffi  would  become  less  simple. 
There  are  a  great  multitude  of  eompounda  which  contain  a  larger 
proportional  quantity  of  carbon  than  the  compounds  cited  above; 
but  the  greater  proportional  quantity  ia  always  some  multiple  of 
12  proportion al  parts,  or,  in  other  words,  is  always  au  integral 
number  of  carbon  atoms  each  weighing  12. 

In  marsh -gas  we  have  thus  found  a  new  term  in  the  series  of 
drogen  compounds.  Marsh-gas  is  an  example  and  t^-po  of  the 
hydrides  richest  in  hydrogen  ;  so  far  as  we  yet  know,  hydrogen 
does  not  foiin,  with  any  element  whatsoever,  any  compound 
whereof  the  product-volume  contains  more  than  four  atoms  of 
hydrogen  united  with  one  atom  of  the  other  element.  l*he  fol- 
lowing brief  table  comprehends  all  the  principal  types  of  hydro- 
gen ci>mpounds,  beginning  with  chlorhydric  acid,  the  poorest 
hydride,  and  pa&sing  through  water  and  ammonia,  intermediate 
compounds,  to  marsh -gas,  the  hydride  richest  in  hydrogen : — 

Chlorhydric  acid HC1  ^  2  voUimes, 

Water  . Hj( )  =  2        „ 

Ammonia  , ll,N  s  2        ^ 

Marsh-gas. ll^C  =  2        ,y 

Yst\i  of  these  tj'pes  of  hydrogen  compounds  characterizes  a  group 
of  chemical  elements.  The  first  type  is  charact-criistic  of  the  chlo^ 
rine  group;  the  second,  of  the  sulphur  group;  the  third,  of  the 
nitrogen  group ;  and  the  fourth «  of  the  group  which  we  ahall  soon 
know  as  the  carbon  group. 

;^9i>.  The  compounds  of  carbon  and  hydrogen  are  of  great 
poetical  interest,  since  the  flame  of  all  ordinary  lamps  and  fires 
ults  from  their  combustion.  Any  allusion  to  their  properties 
once  suggests  the  influence  which  thei»e  properties  exert  in 
the  usual  methods  of  obtaining  light  and  heat,  and  necessitates  a 
more  complete)  discussion  of  the  subjects  of  flame  and  combustion 
than  we  have  had  hitherto.     We  shall  recur  to  this  subject  in  A 
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subsequent  section,  after  having  Btndied  the  oxides  of  cmtb 
For  the  elucidation  of  the  subject  of  combustion,  ordinarj^  illumi- 
nating gas*  which  is  a  mixture  of  many  hydrides  of  carbon,  will 
serve  as  well  as  any  pure  hydrocarbon,  A  brief  description  of 
this  product  may  here  be  given. 

About  94-lOOths  of  the  Tolurae  of  purified  coal-gas  eoDBista  of 
a  mixture  of  marsh-gas,  free  hydrogen,  and  cnrbonic  oxide, — the 
marsh-gas  usually  amounting  to  about  one-third  part  of  the 
whole  gas.  These  non-ltiminous,  or  very  feebly  luminous  gasesi 
serve  as  carriers  of  the  six  or  seven  per  cent,  of  real  light- 
producing  ingredients  which  are  contained  in  the  gas.  This 
mixture  of  li^^ht-;j:iving  inj^redients  is  exceedingly  complex.  The 
vapor  of  benzole  is,  no  doubt,  one  of  the  most  important  of  these 
ingredients.  Some  of  the  higher  homologues  of  marsh -gas  lend 
their  aid ;  and  a  hydrocarbon  of  composition  C^H^,  called  acety- 
lene, is  important  and  very  generally  present.  Sometimes  a  little 
olefiant  gas  (C^H/)  is  present,  as  well  as  other  compounds  of  the 
same  homologous  series ;  but  the  old  view,  that  this  substance 
constitutes  the  chief  luminiferoua  ingredient  of  coal-gas,  is  no 
longer  admitted. 

For  all  practical  purposes,  we  can  here  regard  this  xntxtnre 
of  gases  as  carburefeted  hydrogen.  That  it  contains  hydrogen, 
can  readily  be  shown  by  holding  a  cold,  dry  bottle  over  a  burn- 
ing jet  of  it,  and  observing  that  water  is  a  product  of  the  com- 
bustion ;  and  that  it  contains  carbon  can  be  seen  by  holding  in 
the  flame  a  piece  of  cold  porcelain,  and  noting  the  deposition  of 
soot.  Coal-gas  is  only  about  half  as  heavj^  as  air.  In  many 
respecta  it  resembles  hydrogen,  and  most  of  the  experiments 
which  were  performed  with  hydrogen  can  be  equally,  or  nearly, 
as  well  performed  with  this  gas.  The  student  will  do  well  to 
repeat,  as  an  example,  Exp,  24,  substituting,  for  the  hydrogen, 
common  gas  drawn  from  the  street  mains.  In  the  same  way  he 
may  repeat  Exp.  29,  mixing  1  volume  of  coal-gas  with  from  S 
to  12  volumes  of  air.  If,  instead  of  coal-gas,  pure  light  car- 
buretted  hydrogen  bo  taken »  the  explosion  will  be  most  violent 
with  8  to  10  volumes  of  air;  with  only  3  or  4  volumes  of  air, 
or  more  than  15  vohimes,  the  mixture  is  not  explosive;  eitbrr 
too  much  or  too  little  air  prevents  the  explosion* 
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Cemmundi  of  Carbon  and  0.vt/gen, — There  are  two  of  ih6ee 
poiiufis— carbonic  acid  (COJ,  and  carbonic  oxide  (CO). 

3&r-  Carlonie  Acid  (CO^)  is  always  formed  when  carbon  or 
any  of  iU  compounds  is  burned  in  an  excess  of  air  or  of  oxygen 
gas,  or  in  contact  with  flubstancea,  gaseous,  liquid,  or  solid,  wMoh 
are  rich  in  oxygen  and  yield  it  readily  to  other  bodies, 

Hrp,  167. — Place  a  live  coal  (charcoal)  upon  a  deflagratitig-spoon, 
and  thrust  it  into  a  bottle  full  of  air,  or,  better,  oxygen  ga^ ;  cover  the 
I  Dttle  closely,  and  set  it  aside  for  examination.  Or  invert 
an  empty  bottle  over  a  burning  lauip  or  candle,  bo  that  the 
prodMCt*  of  the  cotnbustion  of  the  lamp  may  be  received  in 
it ;  the  bottle  will  immediately  become  clouded  upon  the 
inside  from  deposition  of  water  re-aiilting  from  the  combus- 
tion (see  §  54»J,  and  will  also  be  filled  vrith  carbonaceous 
and  *^ther  gaseous  products,  simultaneously  formed.  Cover 
the  bottle  and  test  its  contents  in  the  manner  described  m 
the  succeeding  experiment 

^71,  168. — Pour  eome  lime-wat-er  (a  solution  of  common  sieiked 
lime  »^  water)  into  the  bottles  filled  with  gaseous  products  of  com- 
btistion  in  Exp.  1G7,  and  shake  the  bottles.  The  liquid  will  become 
milky  and  turbid,  and»  when  left  at  rest,  will  deposit  a  white  powder 
(carbonate  of  calcium  i*  The  presence  of  carbonic  acid  can  readily  bo 
detected  by  means  of  lime-water,  since  this  insoluble  precipitate  of 
carbontite  of  calcium  is  formed  when  the  two  substances  are  brought 
together. 

The  bottles  of  gas  obtained  in  Exp.  167,  will,  of  eourse,  con- 
tain^ besides  carbonic  acid,  a  quantity  of  nitrogen  derived  from 
the  air  which  took  part  in  the  combustion,  unless,  indeed,  as  waa 
ffoggcsted,  the  charcoal  be  burned  in  pure  oxygen.  It  is  to  b© 
observed  that,  in  all  ordinary  casee  of  combustion,  whether  of 
wood,  coal,  wax,  or  oil,  there  result  these  same  gaseous  products 
— carbonic  acid  and  nitrogen;  they  ascend,  as  invisible  aerial 
currents,  from  every  well-regulated  flame  or  fire,  and  are  con- 
tinnally  issuing  from  the  chimneys  of  our  houses,  tbough,  in  the 
absence  of  the  particles  of  solid  carbon,  or  of  condensed  aqueons 
▼apor,  which  constitute  amoke^  we  can  see  no  product  of  the 
combustioQ. 

JSxjt,  169, — As  waa  just  now  said,  carbonic  acid  may  be  produced 
also  by  heating  carbon  in  eontact  with  solid  bodiea  which  contain  oxy- 
gen, such,  for  example,  as  the  red  oxide  of  mercuxj.    Mix  1 1  gianiniea 
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of  red  oxido  of  mercurr  with  0"33  grm.  of  chnrcoftl;  place  the  luiTtuTo 
in  an  ignition-tube,  aming^ed  as  in  fi^rc  5-3 ;  heat  the  tube  nud  collect 
over  wat«r  the  f^as  which  is  erolved.  Test  the  product  with  lime^ 
water,  as  in  Kxp.  Ui8.  The  reaction  between  the  charcoal  and  tlie 
oxide  of  mercury  may  be  written  as  followa ; — 

2HgO  +  C  =  CO,  +  2Hgr. 

The  metallic  mercury  set  free  condenses  in  droplets  upon  the  cold 
upper  poriions  of  the  ignition- tube.  Here,  again,  as  in  Exps.  1:24, 155, 
the  metallic  oxide  is  rt^duced  by  the  charcoa.1. 

398.  Carbonic  acid  may  readily  be  obtained  from  certain  com- 
pounda  called  carbonates,  several  of  which  are  abundant  minerals. 
Common  clialk,  marble,  and  limestone,  for  example,  are  com- 
posed of  carbonate  of  calcium  ;  and  carbonic  acid  can  rcadUy  be 
obtained  by  strongly  heating  them,  or  by  subjecting  them  to  the 
action  of  strong  acids. 

JBd-p.  170.^ — Plflce  two  or  three  gmmmes  of  coar&ely-powdered  marble 
in  an  ignition-tube  provided  with  a  gas  deliveiy-tube  bent  at  h  light 
angle ;  place  the  iguition-tube  upon  the  iron  stand  over  the  gii«-lampi 
and  dip  the  outer  opouiog  of  the  di'li very-tube  into  a  small  bottle 
containing  lime-water ;  beat  the  marble  stronprly,  and  ob!*en  e  the  white 
precipitate  which  fonus  in  the  lime-water  ag  the  c4U'bonic  acid  gM 
comes  in  contjict  with  it.  The  carbonate  of  calcium^  thus  precipitated 
by  brinjring  together  cwrbonic  acid  and  oxide  of  calcium,  is  chenjiciUly 
identic/il  with  the  chalk  or  marble  from  which  the  acid  was  expt^lled. 

In  actual  practice  enormous  quantities  of  carbonic  acid  are 
expelled  from  limestone  in  this  way  for  the  sake  of  the  quicklime 
ipbich  is  left  as  a  residue ;  but 


the  carbonic  acid,  thns  expelled 
by  heatj  i»  rarely  collcctcil,  for 
a  more  convenient  method  of 
procuring  it  is  toireat  the  lime- 
ct^one  with  some  acid  capable  of 
e.tpelling  the  carbonic  acid. 

Ejrp.  17L — In  a  gas^bottlo  of 
fiCO  or  600  c.  c,  capacity,  arranged 
imsdsely  as  for  generating  hydro- 
gea  (iee  Exp.  19),  place  10  or  13 
grms.  of  chalk  or  marble  in  pmaU 
iumpa;    cover    the    chalk    with 


Fig.  56. 
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irater^  and  potir  ia  througk  the  thistle-tube  concentrated  chlorhjdric 
add,  by  small  portions,  in  such  quantity  as  dhall  insure  a  continuous 
and  equable  evolution  of  gaa.  Collect  aeveral  bottles  of  the  ^i\&  over 
water,  then  replace  the  anterior  portion  of  the  deli  very  *tube  with  a 
straight  tube  and  collect  one  or  two  botUes  of  the  gas  by  displace- 
ment ;  carbonic  acid  gaa  is  half  as  heavy  again  as  air.  The  rt^actioo 
between  the  curbonate  of  calcium  and  the  chlorhydric  acid  may  be 
thuB  formulated : — 

CaCO,  +  2HC1  ^  CaClj  +  HjO  +  00^. 

hen  chalk  is  the  material  opei-ated  upon,  sulphuric  acid  may  be  snb- 
dtuted  with  ad\  antage  for  the  chlorhydric  acid ;  for  the  latter,  being 
rather  easily  volatile,  ia  liable  to  he  carried  forward  by  the  current  of 
carbonic  acid,  and  to  contaminate  the  product.  When  carbonic  acid 
is  prepared  for  commercial  purposes  by  the  action  of  an  acid  upon  car* 
boniit^  of  calcium,  sulphuric  acid  is  almost  always  the  acid  employedi 
and  marble-duat  the  substance  acted  upon: — 

CaCO,  -h  IlaSO^  =  CaSO,  +  H,0  +  00,. 

STith  a  poroua  material,  like  chalk,  this  action  occurs  readily;  hut  in 

tempting'  to  operate  upon  compnct  varieties  of  carbonate  of  calcium 
Buch  &s  marble f  difHculties  are  encountered^  unless  the  carbonate  be  in 
the  state  of  powder.  The  sulphate  of  calcium,  which  is  a  product  of 
the  reaction,  is  a  rather  difficiUtly  soluble  substance,  And,  being  depo- 
Bted  upon  the  surface  of  the  marble^  soon  covers  it  with  a  coating  so 

lick  »nd  impermeable  that  the  action  of  the  sulphiu'ic  acid  upon  the 

arble  ia  well  n'gh  coraplet^'ly  arrested. 

Carbonate  of  calcinm  being  cheaper  than  most  other  carbonatea,  is 
more  commonly  employed  than  any  other  as  a  source  of  carbonic  acid ; 
but  it  is  sometimes  convenient  to  substitute  for  it  the  carbonate  of 
sodium,  or  of  potassium  (saleratus),  or  even  of  ammonium,  since  car- 
bonic acid  is  given  off*  from  these  compounds  very  quickly  and  abun- 

atly.    A  self-regulating  gas^generator,  such  as  is  represented  in  Fig. 

KTJii,  of  the  Appendix,  charged  with  large  solid  lumps  of  the  com- 
mercial carbonate  of  ammonium  and  chlorhydric  acid,  is,  perhaps,  the 

DSt  convenient  apparatus  which  can  be  employed  for  preparing  the 
\  upon  the  lecture- table, 

399,  At  the  ordinary  atmospheric  temperature  and  pressnre, 
carbonic  acid  is  a  transparent,  colorless  gas,  of  a  slightly  acid  smell 
and  taate.  It  is  incombustiblo,  being  already  the  product  of  the 
complete  combustion  of  carbon,  and  is,  mnroover,  incapable  of 
supporting  the  combuiition  of  most  other  bodies^  since  the  oxygea 
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contained  in  it  ia  very  firmly  held :  like  nitrogen,  it  immediately 
extinguishes  burning  hodiea  which  are  immersed  in  it. 

£jp,  172. — ^ThruBt  icto  a  bottle  of  the  giis  obtained  in  Exp.  171^  m 
lighted  candle,  or,  better,  a  Inr^^e  f!ame  of  alcohol  burning  upon  a  liiCt 
of  cotton ;  in  either  case  the  tlam©  will  be  instantly  extinguished. 

The  specific  heat  of  gaseous  carbonic  acid,  between  10°  and 
200®,  is  0'2169.  Its  specific  gravity  is  22;  being  thus  1-53  as 
heavy  as  air,  it  can  bo  poured  from  one  vessel  to  another  almost 
aa  readily  as  if  it  were  water, 

Bxp.  173. — Invert  a  bottle  filled  with  curbonic  acid  upon  imother 
bottle  of  equal  siio  tilled  with  air,  in  such  manner  that  the  mouth  of 
the  upper  inverted  bottle  ahal!  rest  upon  the  mouth  of  the  lower  bottle. 
AftPF  the  lapse  of  several  raijmtes,  thrust  a  buming^  splinter  of  wood 
into  each  of  the  bottles ;  in  the  upper  bottle  the  spUnter  will  continue 
to  bum,  for  into  this  bottle  the  air  Iron*  the  lower  bottle  has  ascended  ; 
whilw  in  the  lower  bottle,  now  full  of  carbonic  acid,  the  splinter  will 
be  exting;iiished* 

Erp.  174. — From  a  large  bottle  full  of  the  g-ns,  pour  a  quantity  of 
carbonic  acid  upon  the  tlame  of  n  lauip  or  candle ;  thiit  is  ta  say,  hold 
the  mouth  of  the  open  bottle  of  caTbonic  acid  obliquely  over  the  candle- 
flani<>  90  that  the  ga^  shall  fall  like  water  upon  it}  the  flame  will  im- 
mediately he  exting^ulshed. 

400.  Owing  to  the  great  weight  of  carbonic  acid,  it  often  faila 
to  rise  out  of  wells  and  other  cavities  in  the  earth,  in  which  it  ia 
generated  by  the  decomposition  or  decay  of  orgauio  substanoeB. 
Before  allowing  workmen  to  deacend  into  any  such  place,  wher« 
there  is  reason  to  susjieet  the  presence  of  carbonic  acid,  a  burning 
candlo  8liould  first  be  lowered  ;  if  the  candle  be  extinguished,  or 
even  if  it  burn  feebly,  the  noxious  character  of  the  air  is  indicated, 
and  measures  should  at  once  bo  taken  to  purify  the  loi.nility  by 
ventilation  or  otherwise.  One  way  of  removing  the  carbonic  acid 
IB  to  absorb  it  by  means  of  some  chemical  agent,  such  aa  slaked 
lime  (hydrate  of  calcium)  or  potash-lye.  The  slaked  lime  is  most 
efficient  as  an  absorbent  when  neither  very  wet  nor  very  dry;  it 
ahouM  not  be  dry  euongh  to  be  dusty,  nor  yet  noticeably  moist. 
If  a  quantity  of  it  be  suspended  in  the  well,  or  thrown  upon  the 
floor  of  the  cellar  containing  carbonic  acid,  this  gas  i%  Hi  quickly 
Combine  with  the  lime  to  form  carbouate  ot  calcium,  as  in  Exp.  1(J8. 
Another  good  method  is  to  lower  down  a  chaiing-dish  full  of 
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brightly  glowino^  chareoii]  ;  if  the  corbonie  acid  b^  present  in  8 nth 
quantity  that  the  teat-candle  has  been  extinguished  by  it,  the 
chaTcoai  \vill,  in  like  manner,  be  immediately  ertingaisbed,  nnd, 
in  cooling,  ^ill  rapidly  absorb  this  gas  (sco  §  3S5),  together  with 
any  nitrogen  which  may  be  present ;  a  current  of  frefh  air  will, 
in  this  way,  be  induced  to  flow  into  the  well.  K,  by  the  ciiudle 
teat,  but  Utile  carbonic  acid  be  found  in  the  well,  it  would,  of  course, 
be  best  to  extinguish  the  charcoal  before  lowering  it  into  the  im- 
pure air  ;  thia  can  readily  be  done  by  covering  it  up  tightly  in  an 
iron  kettle* 

It  should  be  distinctly  understood  that  the  accumulation  of 
carbonic  acid  in  wella  and  caves  is  a  o^nseqnence  of  the  low 
difPnsive  power  of  the  gas  (see  §  53).  Carbonic  acid  mixes  with 
air  very  slowly  ;  but  when  once  mixed  with  air  it  has  no  fuither 
tendency  to  settle  down,  or  to  separate  itself  in  any  way, 

E^p.  17a — Over  a  bottle  filled  with  carbonic  acid  gnS|  invert  An- 
other bottle  full  of  air,  in  such  manner  that  the  mouth  of  the  air- 
bottle  shall  rest  iippn  that  of  the  upright  bottle  full  of  cnrbonic  acid* 
After  some  hour3»  pour  lime-watfr  into  each  of  the  bottle.^i  and  shoko 
them  ;  a  precipitate  of  carbonnte  of  calcium  will  be  formed  in  bolh 
case*,  for  a  part  of  the  carbonir  at  id  will,  by  this  time,  have  «scen<Jed 
out  of  the  lower  into  the  upper  bottle.  The  two  ga'^es  have,  in  Tact, 
become  intimately  mixed  or  blended ;  the  heavy  cftrhonic  arid  has 
dilfaaed  upwards  into  the  air,  and  the  lighter  atmospheric  air  ha^  dif- 
lufed  downwards  into  the  caihonic  acid,  juat  as,  in  a  previous  e^prri- 
mcntf  we  have  seen  hydrogtrn  imd  ox  v  gen  diifuse  into  each  other. 
(Fig.  20,  p,  430 

The  great  importance  of  this  diffusion  of  gases,  in  the  economy  of 
nature,  is  well  illustrated  by  the  ease  now  under  consideralion.  When- 
ever, AS  in  the  processes  of  respiration  and  combustion,  oxygen  is  with- 
drawn from  and  carbonic  acid  thrown  into  the  air,  tie  ciirhonic  acid, 
and  tlie  nitirogen  with  which  it  is  acconipaaied,  immediatvly  mix  with 
the  surrounding  air  and  distribute  themselves  through  the  atmoq^here. 
The  compoA  tion  of  the  atmosphere  is  thus  main  tainted  nniform  all 
over  the  gl<»be,  in  spite  of  the  coni?tant  removal  from  it  of  oxyjren  in 
some  Intalilies,  and  the  arldition  of  carbonic  acid  in  others.  It  is  only 
in  coulintMi  places,  where  nearly  pure  carb<:»nic  acid  is  produced  more 
rapidly  than  it  can  pass  o^  by  dilfmaou^  that  the  gas  accumulates  to 
any  apprec  able  extent. 

The  stngnlar  facility  with  which  gaaea^  and  particularly  hydrogen| 
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traverse  porous  bodies  is  very  strikinprly  illustrated  by  the 
experiment,  whieli  our  acquaintujice  with  carbonic  acitl  now  etitibli 
«R  to  perfiirni :— Throiipli  a  larg-e  glass  tube,  a  snifllJer  tube  of  porouii 
UBjlazed  earlbenware  ia  pnss4?d,  and  the  euda  of  the  glass  tube  are 
tigLilj  doaed  by  tbe  corks  which  hold  the  porous  tube.    Bj  the  tube 


Fig.  56. 


Oy  a  ratber  mpid  stream  of  carbonic  acid  is  brought  from  a  self-iepi* 
lating  generator  into  the  nnnulnr  apace  between  the  two  tubfe^i,  while, 
by  the  tiibe  6,  ft  ,slower  current  of  hydrogen  is  introduced  into  the  inner 
porous  tube.  It  would  he  expected  tliat  hydrogen  should  be  li^und  in 
tb©  cylinder  d,  and  carbonic  acid  in  the  cyl  nder  c;  but,  on  the  con- 
trary, an  inflainiuttble  ^m  is  found  in  c^  and  in  the  cylinder  d  carbonic 
acid  pure  enough  to  extininiish  a  burn ing splinter.  The  hydrogen  dif- 
fuses almost  instantnneoiibly  into  the  annular  space,  and  the  corbonio 
acid  enters  the  inner  tube  to  replftce  the  issuing  hydrogen. 

401.  When  pure,  or  nearly  pure,  carbonic  acid  is  irrespirabl© ; 
it  produces  spasms  in  the  respiratory  pagaageSp  and  is  tluis  pre- 
vented from  entering  the  lungs.  When  so  far  diluted  with  air  aa 
to  admit  of  being  respired,  it  acts  as  a  narcotic  poison  ;  it  is,  how- 
ever, far  less  poisorious  than  the  other  oxido  of  carbon,  carbonio 
oxido,  directly  to  be  described. 

402,  Carboiiic  acid  gas  is  soluble  in  water  to  a  considerable 
extent.  One  measure  of  water,  at  the  ordinary  tempera txire  and 
prchsiirot  will  dissolve  one  measure  of  carbonic  acid  gaa;  but  itA 
solubility  increases  if  the  pressure  be  increased. 

Exp.  1 70.— Into  a  long-necked  fla^^k  or  phial  filled  with  carbonic 
acid,  pour  a  quantity  of  water,  close  the  bottle  with  the  finger,  and 
sbftke  it ;  immerse  the  mouth  of  the  bottle  in  water,  and  remove  the 
finger,  water  will  rush  into  the  bottle  to  s^upply  the  place  of  the  gat 
which  has  been  dtasolved    Agob  place  the  tingcr  upon  the  mouth  of 
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the  lx>t^le,  »liake  the  battle  as  before,  and  subsequently  open  it  benefttb 
the  surface  of  the  water ;  a  fresh  portion  of  water  wiU  flow  into  the 
bottle  to  supply  the  new  Tacuum  ;  in  this  way,  by  repeated  ugitation 
with  water,  all  of  the  carbonic  acid  in  the  bottle  can  be  absorbed. 
Owing  to  tliia  solubility  in  water,  some  carbonic  acid  is  always  lost 
ben  the  gas  is  coUected  over  water  as  in  Exp.  171 ;  but  since  conw- 
erablo  time  is  required  to  absorb  all  the  g^j  there  ia  iitde  objoctioti 
to  collecting'  it  over  water. 

403,  Wbcix  subjeeted  to  increased  pressure,  carbonic  acid  gaa 
dissolves  in  water  much  more  abinidantly  than  at  the  ordinary 
pressure  of  the  air ;  under  a  pressure  of  two  atmospheres,  ono 
measure  of  water  will  di.ssolve  two  measures  of  the  gas  ;  under  a 
pressure  of  three  atmospheres,  it  will  dissolve  three  measures,  and 
Vi  on.  Water  thus  stirchnrgcd  with  carbonic  acid  has  an  agree- 
able, acid,  punjrcnt  taste,  and  effervesces  briskly  when  the  com- 
pression is  suddenly  removed,  as  when  the  liquid  is  allowed  to 
flow  out  into  the  air ;  such  carbonic  acid  water,  or  "  mineral 
water/'  as  it  is  then  called,  flows  from  tho  earth  in  many  locali- 
ties, OS  at  Seltzer  und  Saratoga ;  it  is  also  prepared,  artificially, 
in  large  quantities,  and  sold  aa  a  beverage  under  the  meaninglcsa 
name  of  soda-tvater.  Cai'bonic  acid  water  posses&es  solvent 
powers  far  greater  than  those  of  pure  water ;  few  minerals  are 
capable  of  resisting  its  long-continued  action ;  hence  the  waters 
of  the  springs  from  which  it  issues  are  usually  highly  charged 
with  saline  and  mineral  ingredients,  and  are  often  of  medicinal 
value. 

404  The  efTervescent  qualities  of  fermented  liquors,  sucb  as 
ctdcr,  champagne,  and  beer,  are  in  like  manner  dependent  upon 
.  4to  p]:es6nee  of  compressed  carbonic  acid  gas.  In  all  these  eases 
^"^^  rbonic  acid  is  of  value,  not  only  on  account  of  the  agreeable 
pungency  which  it  imparts  to  the  beverage,  but  also  because  of 
the  fact  that  in  escaping  from  solution  and  assuming  the  gaseous 
condition,  it  absorbs  a  very  considerable  amount  of  heat,  and  eo 
cools  the  liquid  which  contiiined  it 

405.  Carbonic  acid  is  widely  diffused  in  nature*  Traces  of  it 
occur  in  tho  air  and  in  water  everywhere  ;  and  there  are  many 
loealities,  besides  the  mineral  springs  before-mentioned,  where  it 
issues  from  the  earth  in  lai^e  quantities,  notably  in  several  vcd* 
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canic  districts.  It  is  produced  not  only  in  the  actiml  combustion 
of  all  Buljstances  which  contain  carbon,  but  also  during  the  decaf 
ttnd  putrcfiit'tioTi  of  ul)  animal  and  vcgetablo  substauct's.  During 
fermentation  it  is  evolved  in  large  quantities,  and  it  is  continually 
given  off  during  the  respiration  of  animals. 

JStp,  177. — Put  one  or  two  table -spoonfuls  of  coarse  meal  into  n 
"bottle  of  about  250  c*  c.  capacity  ;  cover  the  meal  with  water^  and  con- 
nect the  bottle^  by  mi-ans  of  a  cork  and  glass  tube,  with  a  second  bottld 
filled  about  three  cm*  deep  with  ljnie-wat4?r;  the  delivery -tube  uiujut 
resfcb  into  the  litn*»- water.  Out  of  the  top  of  the  second  botUe  carry 
a  BGcond  bent  ^lass  tube,  Tvhoae  open  end  dips  into  water.  The  bottl« 
conlaining  the  lime-water  will,  of  course,  be  closed  by  the  cork  through 
which  pass  the  two  tubes  above  described*  Ket?p  the  apparaUw  in  a 
warm  place ;  bubbles  of  gas  will  pa^is  from  the  tirst  into  the  second 
flask  ;  they  contain  carbonic  acid^  o^  may  be  seen  from  the  pi'ecipilate 
of  carbonate  of  calcium  which  tliey  pruduce. 

JEr/j.  178. — Difsolve  2  grammes  of  honey  or  molasses  in  200  e,  c.  of 
-water ;  fill  a  large  test-tube  with  the  mixture,  and  add  to  it  a  few  drcrpa 
of  bakerift'  or  brewers'  yeast ;  close  the  open  mouth  of  the  tc5t-tnba 
with  tho  thumb,  and  invert  it  in  a  gmall  Mucer  or  porceUiin  o 
filled  with  the  dilult^il  f^vrup.  Ploce  the  saucer  and  tube,  witli 
contenU,  in  a  waim  place,  having  a  temperature  of  about  2^P  vi  :;0  , 
and  leave  them  there  during'  24  houia.  In  a  short  time,  fermentation 
cets  in,  and  the  ^ugar  of  the  syrup  is  gradually  converted  into  i^oohul 
and  carbonic  acid. 

St({/ar,  AlcohoL 

The  carbonic  acid  thus  formed  rises  in  minute  bubbles^  causing  a  gentle 
efferveiicence  in  the  Hquidj  and  collects  in  the  upper  part  oi  the  tub«?» 
while  the  alcohol  rcminins  dissolved  in  the  liquid.  That  the  gas  ob» 
tnined  in  this  experiment  is  really  carbonic  acid,  may  be  proved  by 
transferring  some  of  jt  into  a  clean  tube  at  the  water-pan,  and  the 
tasting  with  lime- water, 

Exp.  170. — Provide  two  test-glaweB  or  small  bottles ;  place  !n  < 
15  or  20  c.  c.  of  lime-water ;  through  a  plaa'^  tube  blow  into  th*>  linie- 
wiiter  of  one  of  the  battles  air  coming  from  the  limgi.  By  mcaua  of 
bellows,  to  the  noz/Ie  of  which  a  gas-delivery  tube  has  been  attached, 
fore^e  through  the  lime-water  of  the  t^econd  bottle  a  quantity  cit  fresh 
ftir,  The  clear  liquid  of  the  first  bottle  will  quichly  become  luibid 
through  ilepo^ition  of  carbotrnte  of  ealciuvn,  while  the  lime-water  of  the 
fiecoml  bottle  will  remain  clear  for  a  long  while. 
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ThiB  experiinent  may  be  modified  by  conf»tnicting  an  npparatus 
"W'iih  valves,  in  such  iijftnner  that  the  rip  d/ftwn  into  the  lung-a  sliall 
be  mitii*.  to  pa^  through  one  bottle  of  l)nit*-water,  while  the  air  vi- 
pin*d  goes  out  through  another  bottle  of  lime-water.  The  cout<?ots  of 
tbe  firftl  bottle  will  remain  clear,  while  the  liquid  in  the  other  imme- 
diately b<!come8  turbid. 

Ordiniury  fresh  air  contains  only  about  one  2000th  part  of  caibonic 
acid,  while  air  expired  from  the  lungs  contains  as  much  as  3  or  4  per 
eeol.  of  it.  In  breathings  aniniab  inhale  oxygen  from  the  eir ;  this 
oiyfren  combines  with  carbon  ^xithin  their  bodies  and  ia  exhaled  as 
cajbonic  acid.  A  crowd  of  men  consume  the  oxygen  of  the  air,  just 
fts  lamps  or  lires  consume  it ;  to  cany  off  thi»  product  of  animal  cora- 
bu»tion  13  one  of  the  objects  of  systems  of  ventilation.  Air  which  con- 
tains even  iis  little  as  1  or  2  per  cent,  of  carbonic  acid,  exerts  a  very 
depressing  eifect  when  breathed  for  any  length  of  time. 

OG.  From  the  foregoing  statements  it  appears  that,  in  the 
e»ral  processes  called  **  life  "  "  fermrntation/*  '*  decay »**  and 
**  combnstioti/*  tbcre  is  iti%"olved  chemical  action  ;  in  all  of  theso 
proce&ses  oxygen  tVfmi  the  air  unites  with  carbon,  while  t^arbonie 
acid  is  set  free  and  thrown  into  the  atmosphere.  The  question 
now  arises.  W  hat  becomes  of  all  thia  vast  amount  of  caibotjic  acid 
which  is  constnntly  coming  into  our  atmosphere  from  the  respira- 
tion of  animals,  from  iirts.  from  decaying  and  fermenting  sub- 
stances, from  volcanic  fissures,  and  from  various  other  sources? 
H  this  carbonic  acid  reraiiined  in  the  air,  the  latter  would  quickly 
l)ecome  unfit  to  support  animal  life.  But  it  is  Dot  found  that  tho 
average  proportion  of  carbonic  acid  in  the  air  docs  increase ;  on 
the  contran%  all  the  evidence  goes  to  show  that  there  was,  at 
C€«rtaiD  earlier  geological  epochs,  more  of  it  in  the  air  than  now, 
HAny  geologists  believe  that,  in  the  early  history  of  our  globe, 
there  was  much  more  carbonic  acid  in  the  air  than  at  present i 
hence  immense  forests  arose  whose  carbon  is  now  stored  away 
in  the  form  of  coal ;  hence  also  the  fonnation  of  enormous  beds 
of  limestone  covering  many  parts  of  the  earth's  surface, — processes 
of  which  the  faint  eoutinuations  are  now  seen  in  the  ftirmntJon  of 
pcat-l)og5i  find  eoinUreefs.  On  the  other  hand,  it  is  not  foimd 
that  tfi'  '>n  of  oxvgen  in  the  atmosphere  undergoes  any 

apiireti-    .-     -    .  ;zi\  in  spite  of  the  enomious  volume  of  it  which 
ii  ab&orbi'il  In  the  processes  of  breathings  combuBtioTi^  and  decay 
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ahovo  eimm  united.  For,  unlike  animals,  plants,  in  breathingrT 
take  in  carbonic  acid  and  give  out  oxygen.  The  leaves  of  planu 
are  so  constnicted  that  they  can  decompose  carbonic  acid«  fix  car- 
bon for  the  building  up  of  the  plant*  and  set  oxygen  free.  ITiis 
reciprocal  action  of  plants  and  animals,  tending  to  maintain  un- 
changed the  constitution  of  the  atmosphere,  is  one  of  the  most 
wonderful  atljustments  of  nature. 

407.  Carbonic  acid  can  be  liquefied  by  pressure,  and  the  liquid 
thus  obtained  can  be  solidified  by  exposure  to  cold.  When  tlio 
gas  is  generated  in  a  confined  space  in  a  strong  vessel,  it  sooa 
exerts  so  powerful  a  pressure  that  a  large  portion  of  it  condenses 
to  a  transparent,  colorless,  mobile  liquid,  somewhat  resembling 
water,  though  it  refracts  light  less  powerfully ;  or  it  maj  be 
liquefied  by  mere  cooling  to  — 106^,  under  the  atmospheric  pres- 
sure. A  better  way  of  preparing  the  liquid  acid  is  to  pump  the 
gas,  by  means  of  a  forcing  syringe,  into  a  strong  wrought -iron 
vessel  surrounded  with  pounded  ice.  The  prassure  can  thus  be 
regularly  and  methodically  increased  and  the  receiver  finally  filled 
with  the  liquid.  At  0^  a  pressure  of  3f5  atmospheres  is  required, 
in  order  that  the  acid  shall  remain  in  the  liquid  state.  Liquid 
carbonic  acid  does  not  mix  readily  with  water  or  with  the  fixed 
oils;  but  with  alcohol,  ether,  petroleum,  and  similar  ^'quids  it  is 
miscible  in  all  proportions.  Its  specific  gravity  is  0-S3  at  0° ;  but 
it  expands  to  such  an  extent  on  being  heated,  that  at  30^  its 
specific  gravity  is  only  0"6.  It  expands  to  a  greater  extent,  on 
the  application  of  beat^  than  any  known  substance^  oven  to  a 
greater  extent  than  the  gases ;  20  volumes  of  it  at  0°  become  29 
volumes  when  the  temperature  is  raised  to  30^ ;  150  volumes,  at 
30°,  shrink  to  LOO  volumes  when  the  temperature  is  reduced  to 
— 20'^,  The  liquid  acid  well  Elustrates  the  general  fact  that 
liquids  expand  proportionally  much  more  when  heated  under  a 
high  prrssure  than  under  a  low  one* 

408.  If  the  stop- cock  of  a  vessel  containing  liquid  carbonio 
acid  bo  opened,  in  such  manner  that  a  stream  of  the  liquid  shall 
be  forced  out  into  the  air,  a  portion  of  it  at  once  assumes  tha 
gaseous  state,  and  in  so  doing  absorbs  so  much  heat  from  the  re- 
mainder tliiit  the  latter  solidifies,  and  is  deposiled  in  the  form  of 
white  Hiikcs  like  snow.     This  snow-like  substance  is  slowly  con- 
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^rt«d  into  gas  when  exposed  at  the  ordinary  pressure  of  the  air, 
and  fio  disappears.  Though  its  temperature  is  lower  than  — 7S'', 
it  may  be  handled  lightly  without  exciting  any  special  sensation 
of  coldness  or  puin ;  for  the  gas  which  it  is  constantly  emitting  is 
id  conductor  of  heat,  and  prevents  it  from  coming  into  intimate 
tact  with  the  akin.  When,  however,  the  solid  acid  is  forcibly 
ipreased  between  the  fingers,  it  prodaces  painful  blisters^  as  if  it 
were  red-hot  iron.  In  order  to  use  the  *ohd  acid  for  ^producing 
low  temperatures,  it  is  best  to  mix  it  with  a  small  quantity  of 
ether;  in  such  a  mixture  quicksilver  con  readily  be  fiozen,  and 
jmanj  gases  can  be  liquefied  or  even  solidified.     If  this  mixture 

placed  in  the  vacuum  of  an  air-pump,  a  temperature  as  low  as 
^lUO*'  can  be  obtained;  and  if  a  tube  containing  liquid  carbonic 
acid  be  then  placed  in  the  mixture,  the  liquid  will  spucdily  bo 
frozen  to  a  clear  transparent  mass  like  ice. 

409*  Carbonic  acid  gas,  on  being  hcatod  fr<im  u-  to  100°,  docs 
not  expand  at  the  same  rate  as  air  and  the  other  permanent 
gases,  but  increases  in  volume  to  a  greater  extent  than  any  of 
them.  Upon  being  heated  one  degree,  it  expnnds  0'00u088  its 
Tolume  at  0°.  This  behavior  is  in  accordance  with  the  general 
;  that  those  giises  expand  the  most  whith  aru  most  readily 

[deniable  to  the  liipiid  state,  while  those  gases  which  have  re- 
sisted all  efforts  to  liquify  them  scarcely  show  any  appreciable 
differences  in  the  rate  of  expansion. 

In  the  same  way^  carbonic  acid,  like  the  other  easily  condensable 
[eee  §  221),  does  not  conform  precisely  to  the  law  of  Mari- 
At  prcjssurcs  greater  than  one -third  of  the  pressure  of  our 
atmosphere,  its  volume  diminishes  more  rapidly,  with  increasing 
pressure^  than  would  be  the  case  with  air  and  the  other  permanent 
gases  under  the  same  conditions. 

410,  Carbonic  acid  is  one  of  the  compound  gases  which  can  bo 
split  by  heat  alone  into  its  proximate  constituents ;  in  other  words, 
it  exhibits  the  phenomtna  of  dissociation  (§  300).     When  the  gua 

passed  through  a  strongly  heated  porcelain  tube,  the  gant'Oufl 
lure  which  escapes  from  the  tube  contnins^  besides  iindpcom- 
posed  carbonic  acid,  notable  quantities  of  caibonic  oxide  (CO)  and 
oxygen, 

411,  As  has  been  already  stated  (§  399),  the  oxygen  in  carbonio 
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acid  is  so  strowj*ly  held  that  it  cannot  be  withdrawn  oy  tnmfmstiJ 
bles  under  ordinary  circumstances ;  but  at  high  te m pern tu res  ctir- 
bonie  acid  is  decomposed  by  carbon  and  by  several  of  the  tnetab — 
Buch  lis  iron,  zinc,  and  manganese,  besides  potassium,  sodium,  and 
the  other  metids  of  the  alkalies  and  alkaline  earths.  By  the 
alkali- metals  the  oxygon  is  completely  removed  from  carboiiic 
acid,  and  carbon  is  set  free ;  but  by  the  other  agents  abore -men- 
tioned, only  hiilf  the  oxygen  ol  the  acid  is  taken  away,  while  car- 
bonic oxido  gas  is  formed : — 

CO,  +  C  =  2C0. 
Fhosphorufi,  bIso,  at  high  temperatures  and  in  presence  of  n  fixed 
alkali,  decomposes  carbonic  acid  in  the  same  way,  and  abstiucts 
part  of  its  oxy;?en.  So,  too,  if  a  mixture  of  equal  volumes  of  hy- 
drogen and  carbonic  acid  be  passed  into  one  end  of  a  ix?d-hot  tube^ 
steam  and  carbonic  oxide  gas  will  escape  at  the  other : — 
CO,  +  2H  =  CO  -h  H^O. 

The  decomposing-power  of  the  alkali -metals,  above  alluded  to, 
furnishes  us  one  means  of  partially  analyzing  carbonic  aoid. 

£rp,  180.— To  a  gAs-botlk  in  which  carbonic  acid  i^  bt-inj?  steadily 
evolved,  according  to  P]xp.  171 »  attach  a  chlonde-of-calcinm  tube,  and 
beyond  this  drvini^-tube  a  short  tube  of  hard  gltt'^^s,  from  which  an 
esit-tube  leads  into  a  email  open  bottle^  m  fihown  in  hi^,  67»    Wliaa 

Fig,  57. 


the  extinction  of  a  lijrhtrd  match  m  the  open  bottle  proves  th**  appa* 
rntus  to  be  full  of  narbonic  acid,  tlinisit  into  the  hard*gla*8^tube  »  bit 
of  pota^oiutn  iiM  bigfts  n  j>6a,  previously  dried  br'lw««n  folds  of  blotting- 
pf»per,  and  then  jriMitlv  htat  the  potassium  with  a  lamp.  The  potA-ssitim 
will  take  tiit^  and  bum  at  the  expense  of  the  oxy^'-en  of  the  carbonic 
ncid,  and  blark  particles  of  carbon  will  bo  deposited  upon  ihe  wnlU  of 
the  tube.    After  the  reaction  has  ceased,  and  the  tube  hiis  bcc?ij  idluwcd 


eoiiTOsmoir  op  cabbokic  kcnh 


833 


to  Wrtmo  cold,  plftce  it  in  a  bottle  of  water  80  ihut  the  saliue  mass 
(isftrbouttt**  of  potuflsium)  may  dissolve ;  the  purtic'les  of  carbon  will  then 
be  seen  more  denrly,  tloatinjr  in  the  liquid ;  they  may  be  collected 
upon  a  filter.  The  potassium  in  this  experinient  may  be  replaced  by 
sodiuiUf  but  in  this  ease  a  somewhat  higher  temperature  is  required. 

412,  The  quantitative  composition  of  carbonic  add  may  be 
readHj  ascertained  by  the  method  of  synthesis.  When  a  quantity 
of  carbon  h  buraed  in  a  confined  and  measured  volume  of  oxj^gen, 
it  is  found  that  the  volume  of  carbonic  acid  gas  produced  has 
wmsibly  the  aame  bulk  as  the  original  oxygen.  Hence  wo  con- 
clude that  the  normal  or  product- volume  of  the  molecule  of  car- 
bonic acid  gas  contains  two  volumes  of  oxygen. 

Kow  two  volumes  of  carbonic  acid  weigh  44*  152,  since  the 
weight  of  the  unit- volume,  or  the  specific  gravity  of  carbonic 
i,  has  been  found  to  be  22*070. 

btracting  fi-ora  this  weight  of  the  product- volume  of  the  gas  44*152 
~The  wt^ight  of  two  unit-volumes  of  oxjgim  (15-969 X  2)      .    .  31  0;j8 
There  renjaina  as  the  weight  of  the  carbon  in  the  product- 
volume  of  the  gas 12*214 

The  weight  of  one  atom  of  carbon  is  12,  as  we  have  seen  above 
(§305),  and  it  follows  that  the  formula  of  carbonic  acid  is  CO^. 
From  these  figures  the  following  percentage  composition  of  car- 
bonic acid  may  bo  deduced : — 

Carbon 37-66 

Oxygen 72*34 

10000 
But  these  results  must  be  regarded  merely  as  approximations  to 
the  truth,  since  the  deviation  of  carbonic  acid  from  the  law  of 
Mariotte  (§409)  renders  it  well-nigh  certain  that  we  have  not 
yet  been  able  to  precisely  determine,  by  experiment,  the  true 
weight  of  a  unit- volume  of  this  gas. 

413.  The  composition  of  carbonic  acid,  however,  has  been  de- 
termined with  very  great  accuracy  by  burning  a  known  weight 
of  pure  carbon  in  a  stream  of  oxygen  gas  and  carefully  collecting 
and  weighing  the  carbonic  acid  produced. 

Id  order  to  do  this,  the  product  of  the  combustion  of  the  carbon, 
eiher  with  the  excess  of  oxygeui  is  made  to  flow  through  U-tube» 
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(Appendix*  §  15)  filled  with  fragroents  of  hydrate  of  potasdum,  a  snV 
Btftiice  which  absorbs  only  the  carbonic  acid  ;  the  weig^ht  of  thesp  tubes 
is  determined  before  the  commencemeot  of  the  experiment  aud  again 
at  its  close,  the  increase  of  weight  during  the  experiment  being,  r»f 
oufse^  refenible  to  the  carbonic  a<'id  absorbed.  Knowing,  then,  the 
eight  of  the  carbon  talcen  and  the  weight  of  the  carbonic  acid  into 
which  it  has  been  converted  by  uniting  with  oxygen,  a  very  dmpla 
calculntion,  as  before,  givea  us  the  percentage  composition  of  the  acid. 
Experiments  of  thi«  kind  have  yielded  the  following  result : — 

Carbon  ...    * 27  27 

Oxygen 727^ 

100  00 

It  therefore,  appears,  that,  in  uniting  to  form  carbonic  acid,  the 
elements  carbon  and  oxygen  combine  in  the  proportion  of  3  parta 
by  weight  of  carbon  to  S  part^  by  weight  of  oxygon,  or  in  the 
proportion  of  12  to  32.  If  the  number  72-73  bo  divided  by  16, 
the  number  representing  the  weight  of  a  unit- volume  of  oxygen^ 
and  if  the  number  100  be  divided  by  22,  the  number  which,  in 
accordance  with  the  weight  of  tdl  the  evidence  thus  far  acctunu- 
latcd  must  be  regardid  as  the  true  unit- volume  weight  of  carbonic 
acid,  there  will  be  obtained  in  each  case  the  same  quotient,  namely, 
4'545  volumes  :  whence  we  conclude,  as  before,  that  any  vdumo 
of  carbonic  acid  contains  the  same  volume  of  oxygen. 

414,  Carbonic  acid  unites  with  the  protoxides  of  moat  of  tha 
metals  to  form  well-defined  salt^  called  carbonates.  The  greater 
number  of  the  best-dt fined  carbonates  contain  only  one  molecule 
of  ba'^e ;  but  besides*  the  normal  carbonates  of  the  general  for- 
mula M^O,CO.^  or  5!^C0^,  there  are  sesqui carbonates  of  the  for- 
mu^i  2MX),3CO,,  **  bi carbonates  "  of  the  formula  M,0,H,0;2C0^ 
or  MHCO,,  and  hash  ettrbonates  containing  two,  three,  or  more 
molecules  of  the  base  to  one  of  the  acid.  In  general  the  term 
basic  palt  is  applied  to  all  salts  in  which,  as  in  the  carbonates  last 
named,  they  alkaline  constituent  or  base  predominates.  The  ap- 
pellation *♦  bicarbonate,"  though  ordinarily  applied  in  the  manner 
indicated  above,  is  a  mime  of  very  doubtful  correctness ;  Btrirtly 
speaking,  the  class  of  compounds  to  which  it  refers  should,  per* 
haps,  be  regarded  as  double  salts  of  the  metal  and  hydrogen.  Th© 
normal  carbonate,  and  the  ao-called  bicarbonate  of  sodium «  for 
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exaTppTe,  diFcr  odIj  in  that  half  the  sodium  in  the  nonnal  soli 
has  been  replaced  hx  hydrogen  in  the  bicarbonate : — 
|^_   Iformal  Carbonnte  of  Sodium,  Bicarbonate  oj  Sodium, 

■  Nu.CO,.  NaHCO,. 

^B        Carbonic  acid  is  an  exceedingly  weak  acid ;  it  fails  to  neutra<* 
^™   lizo  (§  65)  completely  the  causticity  of  oxides  such  a«  those  of  the 
alkaline  metals ;  the  normal  carbonate  of  sodiumi  for  example,  is 
decidedly  alkaline  in  its  reaction  and  properties.     The  so-called 
bicarbonate  of  sodium  is  also  dightly  alkaline  ;  and  even  the  solu- 
tion of  carbonate  of  calcium  in  carbonic  acid  water  exhibits  an 
alkaline  reaetion  when  tested  with  turmeric  paper.     Almost  all 
the  carbonates  are  readily  decomposed  by  acids  (even  by  very 
weak  acids),  with  an  effervescence  caused  by  the  escape  of  cur- 
1^^   1>amo  add.     Most  of  them  are  decomposed  also  on  being  heated ; 
^H   brut  from  the  normal  salts  of  sodium  and  potassium  carbonic  add 
^^■Mtinot  be  expelled  by  heat  alone,  however  intense, 
^^^f  415.  Carbonic  Oxide  (CO). — A^  has  been  stated  in  §  411,  car^ 
bonic  oxide  can  be  prepared  by  acting  upon  carbonic  acid  with 
]i0t  charcivaL 

Exp,  181. — In  the  middle  of  a  tube  of  hard  glasfl,  No,  2  or  2i,  about 
35  CHI.  long,  pack  a  column  15  cm,  in  length  of  coarsely-powdered 
charcoal.  Place  the  tube  upon  a  slie^t-iron  trough  on  a  ring  of  the 
iron  stand  above  wire-gause  lamps,  as  shown  in  the  iigui'e.    Connect 

Fig,  68. 


the  tube  either  ^th  a  gas-holder  containing  carbonic  pdd,  of  with  a 
bottle  in  which  the  gas  ia  being'  generated.  Heat  the  charcoal  in- 
tenKelvt  flnd  from  t^me  to  time  test  the  gas  which  is  delivered  at  the 
water-pun^  ab  to  tt&  intlammability.    Carbonic  oxide  tjvkes  tire  on  being 
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touched  with  a  li^Bted  matcli,  aod  bums  with  a  bluiah  Otwne.   In  pi 
of  tlie  charranlp  small  frag-meats  of  ht>n  or  of  2inc  may  he  employed  in 
this  experiment 

Instead  of  gaseous  earhomc  acid,  tho  solid  compouads  called 
ctirbonates  can  be  conveniently  employed  for  preparing  carbonic 
oxide. 

Etf).  182. — Mix  powdored  chalk  (curhonate  of  calcium)  with  «n 
€<|tml  weight  of  iron  or  zinc  filinp^,  place  the  mixture  in  an  ignition- 
tubt*p  provided  with  a  f^raa-dri livery  tube,  and  heat  it  to  rt*dne«s  over 
the  gas-lamp.  The  metal  will  ab^trnct  an  atom  of  oxyjren  from  the 
carbamate  of  colcium,  oxide  of  iron  or  of  zinc  will  be  Ibrmud^  while 
carbonic  oxide  will  pass  off  through  the  delivery-tube  to  be  collect<!d 
at  the  wftter-paa : — 

CaCOj  +  Fe  =  FeO  +  CaO  +  CO. 

In  the  &ame  way,  when  a  mixture  of  chalk  and  tinely-powdeied 
charcoal  is  heated  to  full  redne^a,  carbonic  oxide  gas  is  g:ivcn  off. — 

CaCO,  +  C  =  CaO  +  SCO. 
It  ahottld  be  mentioned^  however,  that  in  all  thes^e  cases  the  CArbroie 
oxide  obtained  is  more  or  leis  contfimiiuitcd  with  carbonic  acid,  por- 
tions of  which  escape  reduction  by  the  metal  mid  carbon  ;  the  cnrhonic 
a<*id  may  always  be  reatiiiy  removed  by  cau^injj  the  gas  to  putss  thnoujib 
a  strong  eolutioa  of  caustic  soda  or  through  a  U-tnbe  filled  with  bit* 
of  pumice-stone  saturated  with  soda-lye. 

Carbonic  oxide  can  be  obtained  also  by  heatin?^  charcoal  wifli 
other  solid  oxygen  compounds,  such  as  the  phosphate  of  ealciuin» 
already  mentioned  (§  270)^  or  the  oxides  of  almost  any  of  the 
metaid»  provided  tho  charcoal  be  in  excess, 

Exp.  183.  —Heat  in  an  ignition-tube,  as  before,  a  mixture  of  1  gpnm 
of  finely -powdered  charcofd  and  8  grms.  of  red  oxide  of  iron ;  collect 
the  gnA  over  wfttoi%  pour  into  the  bottle  a  little  Sffda-lye,  close  tbe 
mouth  of  the  bottle  ti|ffhtly  and  shake  itj  then  open  the  month  of  the 
bottle  uuder  water,  and  finiilly  te^t  the  gtu^  with  a  lighted  match. 

416,  Another  easy  method  of  preparing  carbonic  oxide  u  to 
decompose  oxalic  acid  by  moans  of  oil  of  vitriol;  this  is  the 
method  uBually  employed  in  the  laboratory.  Oxalic  acid  is  a 
solid  Tegetabio  acid,  to  bo  procured  of  the  dniggista ;  its  oom- 
,  position  may  be  repreisented  by  the  formula  H^C^O^.  On  being 
heated  with  concentrated  sulphuric  acid,  it  suffers  decompositiGa 
m  a  manner  which  may  bo  formulated  as  folio wa :  — 

HP,C,0,  -h  H.6,S0,  =  2H,0.S0.  -h  CO  +  00- 
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The  dements  of  water  ure  taken  away  from  the  oxalic  add  and 
united  with  the  sulphuric  add»  while  the  remainder  of  the  oxalic 
acid  breaks  up  into  carbooic  acid  and  carbonic  oxide. 

Erp.  184.— Pliice  in  a  flask  of  about  350  c  c,  capacity  9  grma  of 
ootnmon  oxalic  ncid  and  53  p*     ro 

graajw   of  concentrated  sul-  °' 

phuric  acid^  connect  the 
fask  with  a  bottle  filkd 
with  frngmenta  of  puinice- 
Htone  saturated  with  a  strong 
solution  of  caustic  soda,  as 
shown  in  the  figure ;  heat 
thd  contents  of  the  glass 
gcntlVf  and  collect  the  gas 
which  is  evolved  over  watei 
in  the  usual  waj.  The  car^ 
bonic  acid  resulting  from  the 
reaction  will  all  be  absorbed 
by  the  sod  a- lye,  and  carbonic 
oxide  wiD  alone  be  delivered 
at  the  water-pan. 

None  of  the  methods  heretofore  given  yield  pure  carbonic  oxide 
directly ;  in  each  of  the  experiments  we  are  compelled  to  wash 
out  carbonic  acid  from  the  gas  obtained,  if  an  absolutely  pure 
product  is  desired ;  but  there  are  methods  by  which  pure  carbonic 
oxide  may  be  prepared  without  the  need  of  any  prooesa  of  purifi- 
cation.    One  of  the  be^t  of  these  is  ae  follows : — 

Etp,  185.^In  a  thin-bottomed  flask  of  about  260  c.  c,  capacity  and 
provided  with  a  suitable  gaa^delivery  tube,  heat  a  mixture  of  5  grammes 
of  finely  powdered  ferrocyanide  of  potassium  (yellow  pruaeiate  of  pot- 
ash) and  40  or  50  grma.  of  Btrong  sulphuric  acid.  Collect  the  gas 
ovCT  water,  and  test  it  as  to  its  inflammability.  Thrust  also  a  lighted 
splinter  into  the  ga3  and  observe  that  it  will  be  exlingfuished.  llie 
reactions  which  occur  between  the  chemicals  employed  may  be  ex> 
pressed  as  foUows : — 

Ferrocyamde  of  Ihtatsmm.        Wattr.         &4iphune  Acid, 

K,FeC.N^A      +      3Bfi      +      6H,S0, 
«       eCO      +      2K,H0,      +      FeSO,     +      3(Nn,),S04. 
Carbom^  Sulphate  of         Sulphate  of  Suiphate  of 

Qrid4,  Ptitumum*  Iron*  Amnwnium* 
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417,  Carbonic  oxide  is  a  transparent,  colorless  gas,  lia^ 
little,  if  any,  odor ;  it  iias  never  yot  been  liquefied.  It  ia  some- 
what lighter  than  air,  its  fipecific  gravity  being  14,  while  that  of 
air  is  14" 5.  It  is  bat  little  soluble  in  water,  and  may  be  col- 
lected and  presenred  over  water  without  much  loss.  It  extio- 
guishes  combustion  just  as  hydrogen  does,  and  destroys  animal 
life.  Unlike  hydrogen  and  nitrogen,  however,  it  is  a  true  poison. 
It  destroys  life,  not  negatively  by  mere  suffocation  or  oxcIqaoh 
of  ox^^gen,  but  by  direct  noxious  action.  Even  when  lai^Iy 
diluted  with  air,  it  is  still  poisonous,  producing  giddiness,  insen- 
Bibility,  and  finally  death.  It  is  the  presence  of  this  gas  which 
occasions  the  peculiar  sensation  of  oppression  and  headache  which 
is  experienced  in  rooms  into  which  the  products  of  combustiott 
have  escajjed  from  fires  of  charcoal  or  anthracite.  Carbonic  oxide 
is  very  much  more  poisonous  than  carbonic  acid.  Much  of  the 
ill  repute  which  attaches  to  carbonic  acid  really  belongs  to  car- 
bonic oxide ;  for  since  both  these  gases  are  produced  by  burning 
charcoal,  many  persons  are  liable  to  confound  them;  but  car- 
bonic acid  is,  comparatively  speaking,  almost  innocuous.  Car- 
JKinic  acid,  it  is  true,  is  somewhat  poisonous ;  it  does  not  merely 
Bufibcate,  like  water,  or  nitrogen,  or  hydrogen  j  but  it  is  veiy 
much  less  poisonous  than  carbonic  oxide.  It  has  been  found,  by 
experiment,  that  an  atmosphere  containing  only  1- 100th  of  car- 
bonic oxide  is  as  fatal  to  a  bird  aa  one  containing  l-25th  part  of 
carbonic  acid. 

Carbonic  oxide  exhibits  neither  an  acid  nor  an  alkaline  reac* 
tion  when  tested  with  vegetable  colors,  and,  in  general,  has  but 
little  tendency  to  combine  with  other  substances.  With  oxygen, 
however,  it  combines  readily  at  comparatively  low  temperatures; 
an  iron  wire  heated  to  dull  redness  is  sufficient  to  inflame  it  in 
the  air.  Unlike  most  other  combustible  gases,  it  contains  no 
hydrogen,  and  therefore  produces  no  water  when  burned; 
nothing  but  carbonic  acid  results  from  its  burning. 

Exp.  ISO. — ^To  tb©  apparatus  employed  for  evolving  carbonic  oxide 
in  Exp.  184,  attach  a  piece  of  flmall  gla^s  tubing  drawn  rut  at  the  end 
to  a  ifiae  point,  iiud  bent  in  such  manner  that  a  stream  of  gfiM  may  be 
delivered  upwards  fi-om  this  point.  Lij^bt  the  pa*  m  it  flows  out  of 
ahe  tube,  and  hold  over  the  pale -blue  flame  a  cleivni  dry  botUt.    No 
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moisture  will  be  deposited  upon  the  aides  of  the  bottle,  Thut  c«t- 
honlc  ficid  h&s  been  produced  by  the  combustion ,  mnv  be  proved  by 
pounng  A  little  lime-water  into  the  bottle,  and  ehftkiti};  it  about  in  the 
gas  therein  contained. 

418,  Ctarbonic  oxide  ia  a  very  powerful  deoiidijnng  agent.     At 
[liigh  temperatures  it  is  capable  of  taking  oxygen  away  from 

ny  of  the  compounds  which  contain  that  element.     Hence  it 

a  very  important  part  in  metallurgical  operations.     Much 

[of  the  reducing -action  which  is -commonly  attributed  directly  to 

t>n^  is  really  effected  in  practice  through  the  mediation  of 

onic  oxide  gas. 

ISip.  187. — In  the  middle  of  a  tube  of  hard  glass,  No.  3,  about  20 

^  c.m-  Inng,  place  a  graiome  of  black  oxide  of  copper  (CuO) ;  support 

H  the  tube  upon  a  ring  of  the  iron  Btand  over  the  ga»-lamp^  and  connect 

H  it  at  one  end  with  a  flask  in  which  carbonic  oxide  is  being  evolved, 

H  ft»  in  Ejcp.  1B4,  and  at  the  other  with  a  tube  bent  at  a  right  angle  and 

^■dippiog  into  a  bottle  which  contains  lime-water.   After  the  tube,  which 

^P'eoatAios  the  oxide  of  copper,  has  become  full  of  carbonic  oxidei  heat 

it  and  observe  that  the  oxide  of  copper  is  reduced,  that  metallic  copper 

alone  remains  in  the  tube^  aud  that  the  carbonic  acid  formed  has  made 

turbid  the  lime-water  in  the  bottle. 

419.  The  specific  heat  of  carbonio  oxide  is  considerably  greater 
than  that  of  carbonic  acid,  being  0*245,  while  that  of  carbonic 
add  is  only  0-2103. 

When  a  mixture  of  carbonic  oxide  and  oxygen^  in  the  pro- 
portion of  two  Tolumes  of  the  former  to  one  of  the  latter  gas, 
is  lighted,  it  explodes  with  about  the  same  degree  of  violence  aa 
a  mixture  of  hydrogen  and  oxygen  (§  58),  a  very  considerable 
amoont  of  heat  being  evolved  in  the  act  of  combination. 

Though  considerable  heat  is  evolved  during  the  union  of  car- 
bonic oxide  and  oxygen,  the  amount  is  much  les»  than  that  whidi 
Rsults  from  the  complete  combustion  of  charcoal  to  carbonic  acid. 
One  gramme  of  carbonic  oxide  disengages  in  burning  2403  units 
cf  heat  (§  55),  while  one  gramme  of  wood  charcoal,  in  burning 
to  carbonic  add*  yields  S080  units.  The  same  amount  of  heat 
(2403  units)  is  reabsorbed  when  the  carbonic  acid,  obtained  by 
burning  one  gramme  of  carbonic  oxide,  is  again  reduced  to  the 
state  of  carbonic  oxide.    (Compare  £xp.  IBl.) 

The  gramme  of  hydrogen  yields,  as  it  unites  with  oxygen, 
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34,4(i2  units  of  heat;  but  since  carhonic  oxide  15  14  times 
as  heavy  as  hydrogen,  about  the  same  quantity  of  heat  is  dere- 
loped  by  the  complete  combuetion  of  a  given  volume  of  carbonic 
oxido  as  by  that  of  the  same  volume  of  hydrogen. 

420.  Carbonic  oxide,  unlike  carbonic  acid,  is  not  decomposed  1 
when  heated  to  redness  in  contact  with  hydro^n^  charcoal,  iroii»  ] 
or  zinc.     Sodium  and  potassium,  however,  abstract  the  oxygen 
from  this  gas  as  they  do  from  carbonic  acid. 

It  unites  with  chlorine  directly*  under  the  influence  of  sun- 
light, forming  a  gaseous  compound,  the  composition  of  which  I 
may  be  represented  by  the  formula  COClj.     When  loft  for  eomo 
time  in  contact  with  caustic  potash,  at  the  temperature  of  100**^  | 
it  combines  with  it,  and  there  is  produced  a  compound  kno^o  1 
formiate  of  potaaaium : — 

EHO  +  CO  =  CHKO,. 
It  is  absorbed  readily  by  solutions  of  the  salts  of  dtfi oxide  of 
copper  (CUjO)  in  ammonia- water,  and  by  a  solution  of  diciiloiide 
of  copper  (CnjClj)  in  strong  chlorhydric  acid,  and  con  thus  be 
separated  from  a  mixture  with  other  gases.  Melted  metallle 
potiis^ium  also  absorbs  a  certain  amount  of  carbonic  oxide  and 
combines  with  it. 

421.  Carbonic  oxide  may  be  resolved  into  carbon  and  oxygen 
by  heat  alone ;  but  this  dissociation  occurs  only  under  very  peculiar 
circumstances, 

A  porcelain  tube  is  placed  in  a  furonce  where  it  con  be  raised  to  a 
Tery  high  temperature ;  the  ends  of  this  tube  project  beyond  the  far- 
tiaee  and  are  closed  by  corks ;  through  these  corks  passe b,  in  the  axis 
of  the  porcelain  tube,  a  very  thin  brasi*  tube,  and  each  cork  carries  also 
4  small  glass  tube ;  by  one  of  the^e  tubes  carbonic  oxide  enters  the  por- 
celain tubet  and  by  the  other  the  products  of  the  reaction  escape  froni 
the  apparatus.  Two  little  acreejis  of  porcelain  divide  intemally  that 
part  of  the  porcelain  tube  which  lies  in  the  furnace  and  is  to  be  heat<*d|  fl 
from  the  parts  which  project  beyond  the  furnace  and  remain  coot  A  V 
rapid  current  of  cold  water  is  made  to  flow  through  the  thin  brasa  tuba, 
in  such  quantity  that  in  traversing  the  tube  while  the  furnace  is  in  faU 
action  the  water  shall  not  be  sensibly  warmed. 

The  apparatus  being  thus  disposed,  and  the  porcelain  tube  heated,  1 
slow  and  regular  current  of  pure  and  dry  carbonic  oxide  ia  pas^f^d  int^ 
the  hot  tube.    The  gas,  as  it  issues  from  the  tube^  passes  immediatel/ 
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tltrougb  a  strong  solution  of  caustic  po4ii»h,  wbieh  will  absorb  t!i<»  ciijr- 

boitic  *icid  formed,  so  that  the  experiraenter  can  wei^h  the  quji»tity  oi 
ftcid  produced,  or  through  lime-wnter,  which  will  dumottstrate  tlie  pre- 
sence of  cArbonic  acid  bj  becoming  turbid,  Carbouic  add  is  fonii«#d 
whenever  the  porcelain  tube  is  bright-r^d  hot*  A  portion  of  the  car- 
bonic oxide  is  deconj posed  into  oxygen,  which  unites  ivith  another 
portion  of  carbonic  oxide  to  make  carbonic  acid^  and  carbon,  which  is 
deposited  in  the  condition  of  lampblack  upon  the  cold  braids  tube  whirh 
traverses  the  hot  porcelain  lube  from  end  to  end.  The  lirst  iiction  of 
the  hejit  h  to  set  free  particles  of  carbon  from  the  carbonic  oxide,  and 
all  such  pftrticle*  which  happt>n  to  fasten  upon  the  brass  tub«^  iire  in- 
itantlr  chilled  down  below  the  tempei'nture  at  which  thev  will  either 
unite  with  free  oxygen  on  the  ono  h&nd^  or  reduce  carbonic  acid  on 
the  other. 

We  have  repeatedly  used  the  elcctrie  spark  as  a  means  of  decom- 
posing compound  gases,  such,  for  example,  as  ammonia  (§  89)  and 
nuTBh-ga^  ( $  395),  It  U  suppo^d  that  it  is  the  intense  heat  of  tho 
spark  which  eflect3  such  decomposition,  and^  in  the  light  of  the  ex  peri - 
stent  ju.'^t  descrihed,  it  seems  probable  that  the  eHicacy  of  the  9p»irk- 
eurrent  is  due  to  the  fact  that  the  few  particles  of  gas  which  each  ^park 
hcata  Intensely  are  immediately  in  contact  with  an  atmosphere  of  giw 
which  is  in  constant  motion  and  h  relatively  verj^  cold, 

422.  The  composition  of  carbonic  acid  being  known,  thut  of 
carbonic  oxide  can  readily  be  determined  by  burning  a  p.     ^ 
deEnito  volume  of  this  gas  with  an  excess  of  oxygen  in 
%  eudiometer.     If  ther^  be  introduced  into  the  eudi-     ^f  ] 
ometer 

100  volumes  of  carbonic  oxide, 
and  100      „        „  oxygen, 

tad  if  through  the  200       „        „  mixed  gases 

an  electric  spark  be  mado  to  pa^,  combination  will 

OGcnr^  and  the  gas  which  remains  will  occupy  only  150  rolurae*. 

If  a  small  iiuuiitity  of  »  solution  of  eaiiBtic  stKla  be  now  introduc/d 

into  the  eudionieter,  all  the  carbonic  acid  which  has  been  formed 

wiJI  be  absorbed;  there  will  remain  only  50  volumes  of  gas, 

whirh^  upon  examination,  will  be  found  to  be  pure  oxygen. 

If  only  50  volumes  of  the  original  oxygon  are  thas  left  free, 
60  volumes  of  oxygen  must  have  been  absorbed.  It  iippear^, 
thee,  that  100  volumes  of  carbonic  oxide  have  united  with  50 
Tolumes  of  oxygen  to  form  100  volumes  of  carbonic  acid ;  and 
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that  the  original  bulk  of  the  carbonic  oxide  taken  has  remaiii* 
uuctmng^od.  Since  it  is  admitted,  us  we  have  already  seen  ( §  412), 
that  the  product- volume  of  carbonic  acid  contains  2  volumes  of 
oxygen,  it  follows  that  the  double  volume  of  carbonic  oxide  can 
only  contain  1  volume  of  oxygen — or^  in  other  words,  that  2  TO- 
lumes  of  this  pxB  contain  1  volume  of  carbon-vapor  and  1  Toluma 
of  oxygen  united  without  condensation : — 
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It  wUl  be  noticed  that  the  addition  of  a  certain  quantity  of  axy- 
gen  to  a  measured  quantity  of  carbonic  oxide  converts  it  into 
carbonic  acid  without  changing  the  original  measured  volume  of 
gas.  Wo  have  often  prepared  compound  gases  from  eleraentary 
gases  by  this  method,  and  in  such  cases  there  is  generally  a 
dumge  of  voiume.  We  are  here,  however,  converting  one  com- 
pound gas  into  another  compound  gas,  and  the  product-volttmei 
of  uU  compound  gasc^  are  the  same. 

The  specific  gravity  or  unit-volume  weight  of  carbonic  oxide 
h^aa  been  found,  by  experiment,  to  be  13-97. 

From  the  weight  of  two  unit-volumes  of  carbonic  oxide     .  27^94 
Deduct  thtt  weight  of  one  unit-vplume  of  oxygen .    .     ,     .  16- 

There  remains  the  weight  of  the  atom  of  carbon  .     .     ,    ,11-94 

This  result  accords  very  well  with  the  previously  given  atomic 
wei;?ht  of  carbon.  It  will  be  noticed  that  the  specific  gravity  of 
carbonic  oxido  ia  the  same  aa  that  of  nitrogen. 

423.  Combustion, — ^Now  that  we  have  become  acquainted  with 
carbon,  hydrogen,  and  oxygen,  and  with  some  of  the  more  im- 
portant compounds  fi>rraed  by  the  union  of  these  elements,  thd 
subject  of  combustion  can  be  more  fully  discussed  than  has  been 
possible  hitherto,  UuEke  most  of  the  ohcmicnl  processes  em- 
ployed by  man,  which  have  for  their  object  the  preparation  of  * 
somo  tangible  chemical  compound  or  product,  combustion  m 
resorted  to  merely  for  the  sake  of  the  heat  or  light  which  inci- 
dentally accorapunies  the  cliemical  action. 

As  a  general  rule,  otdy  the  compounds  of  carbon  and  hydrogen 
are  employed  as  combustibles — though  there  are  some  exceptions 
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to  thia  rule,  n«  when  the  metHl  magnesmm  is  burned  for  light, 
or  the  heating  of  a  sulphuretted  ore  is  effected  hy  the  combustion 
of  its  own  sulphur.  In  the  manufacture  of  sulphuric  acid,  the 
sulphur- furnace  is  often  go  arranged  that  the  heat  from  the 
burning  siilphur  generates  the  ftteam  necessary  for  the  operation. 
In  the  Bessemer  process  of  making  steel  from  cast  iron  (§  033), 
intense  heat  is  evolved,  partly  by  the  combustion  of  the  carbon 
which  cast  iron  contains,  but  partly  also  by  the  combustion  of 
iron*  The  carbon  compounds  are  peculiarly  well  adapted  to  the 
parpoae,  since  the  products  of  their  combustion  are  gaseous »  and 
can  therefore  be  readily  removed;  new  portions  of  the  com- 
bustible are  thus  continually  laid  bore,  and  a  way  opened  for  the 
admission  of  freah  air. 

424.  In  almost  aU  cases  artificial  light  results  from  the  intense 
Ignition  of  particles  of  solid  matter  or  of  dense  vapors.  When 
the  heat,  which  is  an  invariable  accompaniment  of  chemical  com- 
bination, can  play  directly  upon  such  solid  or  semisolid  particles 
with  force  enough  to  ignite  them,  an  exhibition  of  light  will 

■  accompany  the  chemical  change.  The  hydrogen -flame  affords  no 
light,  or  as  good  as  none,  because  in  it  nothing  but  a  highly 
attenuated  gas  is  heated.  But  when  a  solid  body,  such  as  the 
platinum  wire  or  the  piece  of  lime  employed  in  Exps.  26  and  27, 
it  placed  in  this  non-himinous  hydrogen-fiame,  intense  light  is 
lajdiated  from  the  heated  solid. 

J^.  188, — Spriokle  fine  iron  filings  into  the  fiam®  of  an  alcohol- 
latnp;  or  into  the  non-luminouB  ffame  of  the  gas-lamp^  and  observe  the 
light  given  off  by  the  pai'ti(*le8  of  metal  as  they  become  incandescent 
while  paascin^  throug-h  the  flame.  Or  rub  together  two  pieces  of  char- 
eosl  above  a  non-luminoua  flame,  in  such  manner  that  charcoal  powder 
shall  fall  into  the  tlanie.  Or  rub  the  coat-sleeve  beneath  a  non-lumi- 
nous flame,  or  even  beneath  the  luminous  flame  of  an  ordinary  Argand 
gas-bamer,  and  observe  that  the  particles  of  dust  detached  become 
incandescent  and  luminous  as  they  pass  upward  through  the  flame. 
Other  things  being  equal,  the  hotter  the  flame  the  more  intense  will 

jtiie  light  emitted  by  the  ignited  solid. 

^.  In  ordinary  luminous  flames^  such  as  those  of  candles, 
lamps,  and  illuminating  gas,  the  ignited  substanoe  is  carbon,  or 
rather  a  vapor  or  fog  of  oert^  carbon  compounds  eontautizig 
more  or  loss  hydrogen. 
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Exp.  189. — ^Bj  means  of  caoutchouc  tubings  attach  to  any  ami 
^ftfl-bumer  a  piece  of  hard-glass  tubings  No.  4,  ahout  20  cm.  long,  the 
outer  end  of  whidi  has  been  drawn  to  a  fine  open  point  Open  the 
cock  of  the  gas-burner,  so  that  gas  may  How  into  and  through  th*?  }^Ua9 
tube^  and  light  this  gajs  as  it  escapes.  When  the  laat  trace*  of  air  hare 
been  expelled  from  the  tube^  heat  the  middle  of  the  latter  intensely 
with  the  tlame  of  a  lamp.  Part  of  the  transparent  and  colorless  cap- 
burettod  hydrogen,  of  which  the  illuminating  gas  consists  ( §  31*0) ,  will 
be  decomposed  by  the  heat  as  it  passes  through  the  tube,  just  a#  eul- 
|^hmrt*tted  hydrogen  (Exp.  91),  phosphnretted  hydrogen,  ar«eni  urettdd 
iydrogen  (Exp,  13i3),  and  antimoaiurelted  hydrogen  (Exp.  \M)  ai« 
decomposed  under  like  condiliong,  and  a  ring  of  carbon  will  be  depo- 
sited in  th»  cold  portion  of  the  tube  a  short  distance  in  £ront  of  the 
flame. 

In  the  open  channel  eiforded  by  the  tube  it  is  not  easy  to  heat  tii6 
whole  of  the  carburetted  hydrogen  to  the  temperature  necessary  fof 
its  decomposition ;  but  by  lighting  the  gas  as  it  issues  &om  the  tubev 
heat  enough  to  deccmpose  it  can  readily  be  obtained.  Precisely  as  in 
the  combustion  of  wuod  (§  37b),  after  the  fire  is  once  started  the  com^ 
hustible  suffers  decomposition ;  the  easily  iutlammahle  hydrogen  of  the 
gaa  bums  first,  and  particles  of  carhop,  or,  at  the  first,  of  hydrocarhont 
rich  in  carbon,  are  set  free.  These  particles  are  heated  to  ignition  by 
the  burning  hydrogen,  and  as  they  ptiss  up  through  the  Hame  emit 
light ;  finally  they  are  themselves  completely  burned  to  carbonic  acid 
upon  the  outside  of  the  ffarae,  provided  thei*©  be  preseol  a  »ijffici»?nt 
supply  of  air.  That  there  are  really  particles  of  free  carbon  in  the 
flame  has  already  been  sufficiently  demonstrated  in  Exp.  164. 

If  the  supply  of  air  fiu-nished  to  the  flame  is  inaufticient  to  convert 
all  of  the  components  of  the  gaa  into  carbonic  acid  and  water,  the©  a 
number  of  the  carbonaceous  particles  will  t>^cape  unhumed,  and  a 
smoky  flame  win  be  the  result.  If,  on  the  other  hai^d,  the  supply  of 
air  is  exeefisive,  then  all  the  carbon  will  he  burned  at  the  instant  when 
it  is  set  free,  and  no  light  will  be  aH'orded.  In  the  gas-lamp^  c^m^ 
monly  employed  in  chemical  laboratories  for  purpi^ses  of  healing  (see 
Appendix,  §  5),  ill u mi n at i tig  gas  is  purposely  mixed  with  a  cousiderahie 
volume  of  air  before  it  is  lighted;  there  is  thus  obtained  an  intensely 
hot  nun -luminous  flame.  Such  dames  deposit  no  soot  upon  th»  vesask 
which  are  heated  in  them ;  moreover  the  heat  which  would  be  eoii-» 
Bumed  in  heating  the  particles  of  CArbon,  and  so  producing  light,  is  in 
such  Hamcs  utiUzL-d  for  heating-purposes. 

Exjh  190. — UnHTew  the  tube /(Fig.  61)  fnim  the  gaa-lamp  con- 
ftmcted  as  described  in  }  5  ot  the  Appendix,  and  light  the  gae  aa  it 
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eicapes  £rom  tlie  holes  in  the  face  of  the  screw  d\  i^^  fiame  will  be 

luminous,  luud^  if  the  holng  are  large  enough  to  permit  ft  riipid  ftidt  of 

gas^  even  smoky.     Extinjruish  the  humiwg  jet,  screw  on  the  tube  f^ 

%ii6.  relight  the  mixture  of  air  and  gaA  at  the  top;  the  Hume  KviU  be 

nearly  cu lories.  Sometimes,  when  the 

gIM-Oock  i«  too  nearlj  closed^  the  tlame 

of  the  mixed  gas  and  air  it^  liable  to 

paas  down  the  tube  /,  and  ignite  the 

feeble  jet  of  gas  at  the  apertures  in  d. 

The  lump  then  burns  with  a  sicklj 

y^ow  flame,  which  is  often  tingred 

with  i^rt^o  coming  from  the  copper  in 

the  heated  biaai  tube  /    The  lamp 

must  he  extingubhed,  and  relit  at  the 

top  of  the  tube  with  a  freer  supply  of 

gas.     When  the  tube/Lj  in  place,  the  g(, 

the  jetfl  of  gas,  i&*uing  vertically  from 

the  face  of  the  screw  d^  draw  in  currents  of  air  through  the  side  holes 

near  the  bottom  of  the  tube/;  this  air  mixes  with  the  gas  rising 
lUgh/f  and  at  the  top  of  this  tube,  where  the  mixture  is  inflamed, 
carburetted  hydrogen  is  in  intimate  contact  with  air  enough  to 
it  at  once  and  completely. 

Between  the  two  extremes  which  a  Bunsen  burner  may  be 
thus  made  to  illustinito,  between  a  smoky  flame,  on  the  one  hand, 
and  a  non -luminous  flame,  on  the  other,  there  are  two  poinU 
which  hnve  special  Bigniflcance — the  point  of  moit  light,  and  the 
podnt  of  most  Off tef able  light.  The  point  of  most  light  may  always 
b©  hit  upon  by  constructing  such  a  burner  as  will  Ju«t  not  allow 
the  gas  to  smoke. 

Exp.  li)l, — Across  the  top  of  the  chimDey  of  an  Argand  gas-burner, 
which  is  burning  with  a  shorter  fliime  than  Ufual,  place  several  narrow 
fltdpii  of  tin  or  of  sheet  iron,  so  as  to  obstruct  the  flow  of  air  through 
the  chtnmey.  The  small,  low  flame  with  which  the  experiment  began 
will  incjrease  in  »ize  as  the  access  of  air  b  diminished^  and,  at  last,  the 
whole  interior  of  the  chimney  will  be  tilled  with  a  long,  smoky  flame. 
The  *^olume  of  gas  burning  at  any  one  m-iment  of  the  experiment  is  no 
greater  ihan  at  another,  for  the  cock  which  regulates  the  flow  of  the 
gAB  itmnins  flx*;d  and  untouched ;  but  the  amount  of  light  aflbrded  hj 
€be  large  smoky  flame  is  manifestly  greater  than  that  yielded  by  the 
nuall  bright  flame  with  which  the  experiment  started.  If  any  doubt 
itself  as  to  this  point,  it  will  q^uiekly  be  disapated  by  perfbnn- 
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ing  the  experiiuent  in  a  darkened  room  and  noting  the  companittf 
visibility  of  the  more  distant  objects  therein  contained,  first  with  tlie 
one  flnme  and  then  with  the  other ;  or  the  observer  nuiy  determine  ai 
what  distances  from  the  two  flames  tine  print  can  be  decipjioi'ed. 

A  naurky  iiame,  such  as  waa  just  now  ohtnined^  before  actual  smo- 
king beginsp  in  which  the  largest  possible  number  of  the  particles  of  cai^ 
bon  are  heated,  though  none  of  them  are  bented  very  hot,  yields  the 
largest  amount  of  light  which  the  particular  sample  of  gas  under  eica- 
mination  is  capable  of  affording.  Such  flames  are  called,  technicftll?, 
qwmtky  ftameM  \  they  are  better  adapted  than  any  other%i  for  lighting 
atreete  and  large  halls.  In  practice,  such  flames  are  obtained  by  burn- 
ing the  gas  at  a  low  pressure,  that  is^  under  such  conditions  that  it 
fihall  be  very  gently  pressed  out  into  the  air^  so  that  air  shall  mix  witb 
it  and  act  upon  it  but  slowly* 

But  besides  thia  point  of  the  maximTim  amount  of  light,  there 
is  another,  of  tho  most  agreeable  light ;  and  thia  is  sometliiiig 
which  each  individual  must  determine  for  himself.  Few  persona 
wotild  choose,  as  a  study-lamp^  either  the  murky  flame  of  Exp. 
191,  or  the  intense  lirae-light  of  Exp*  27  j  but  between  these  two 
extremes  no  one  light  is  likely  to  suit  many  people  equally  well. 

If  a  bright  inteiu'dy  finme  is  required,  we  have  only  to  arrange 
matters  in  such  a  way  that  air  may  come  t<>  the  gas  so  quickly 
and  abundantly  that  a  portion  of  the  carbon  in  the  gas,  as  well 
as  the  hydrogen,  shall  be  burned  at  once  in  the  lower  part  of  the 
flame,  and  by  the  heat  of  its  combustion  ignite  more  intensely 
the  remaining  particles  of  carbon.  Among  the  very  great  num- 
ber of  gas-burners  which  have  been  devised,  there  may  he  found 
those  adapted  to  meet  almost  any  requirement.  Each  kind  of 
burner  brings  the  gas  and  the  air  into  contact  with  one  another 
in  some  special  way,  producing  a  flame  of  convenient  shape*  of 
peculiar  economy,  or  of  particular  Btcadiiiess  or  brilliancy.  It  ia 
obvious  that  the  conditions  under  which  gas  is  most  advanta- 
geously burned  are  different  for  different  nse-s,  and  that  no  one 
burner  can  be  equally  available  under  such  varying  and,  in  sftme 
sense,  antagonistic  conditions.  The  Argand  burner  may,  perhaps, 
be  made  to  fulfil  as  many  of  these  conditions  as  any  other ;  from 
it  there  may  be  obtained,  at  will,  either  on  intensity  or  a  quantity 
flame,  as  has  been  shown  in  Exp.  191. 

4:iG.  The  chemical  composition  of  the  gas  to  be  burned  ia»  of 
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course,  an  important  point  to  be  considered  in  the  construction 
of  the  burner*  A  gas  rich  in  carbon  retiuires,  for  its  combuBtiou, 
far  more  air  than  gaa  which  is  less  carboniferous. 

Ktp.  192.— Place  three  snioll  tufts  of  cotton  upon  an  earthen  plate ; 
moisten  one  with  alcohol,  another  with  petroleum,  and  the  tliird  with 
henzin ;  touch  a  lighted  match  to  the  vapor  which  arises  &om  each. 
In  the  one  case  there  will  be  seen  hardly  any  luminous  particles  of 
carbon^  in  the  second  a  bright  light ;  and  in  the  third  so  much  carbon 
will  be  set  tree  that)  under  the  conditions  of  the  experiment^  a  great 
deal  of  it  cannot  find  air  with  which  to  unite^  and  consequently  escapes 
as  smoke. 

The  composition  of  alcohol  may  be  repre-sented  by  the  formal  A 
C,H,0;  it  contains  a  large  proportion  of  hydrogen  and  some  oxygen  j 
hence  steam  is  necessarily  produced  when  it  burns ;  this  steam  spreads 
or  diffuses  the  flame,  and  promotes  the  prompt  union  of  the  idcohol 
vapor  with  the  oxygen  of  the  air^  so  that  few  carbonaceous  pjirticles 
hare  time  to  become  incandescent  before  they  are  consumed.  But  in 
benxin,  the  formula  of  which  may  be  written  C,H,,  there  is  no  oxygen^ 
and  a  far  larger  proportion  of  carbon  than  in  alcohol;  hence  the 
neceasity  of  supplying  a  large  amount  of  air  to  the  lamps  in  which  its 
Tapor  is  burned.  The  best  way  of  consuming  benain  is  to  mix  its 
rapor  with  aii  in  suitable  proportions,  and  to  press  this  mixture  through 
a  gas-burner  as  if  it  were  ordinary  illuminating  gas.  When  thua 
treated,  it  bums  without  smoke,  and  a^ords  a  brilliant  white  light 
Petroleum  (C,H.),  like  benzin,  contains  no  oxygen,  but  it  contains  far 
less  carbon  than  benrin,  though  much  more  than  alcohol;  it  does  not 
smoke  like  benzin»  and  yet  it  smokes  so  much  that  it  cannot  readily  be 
burned  from  a  simple  wick ;  it  is  commonly  burned  in  lamps  provided 
with  a  special  draught  of  air. 

427.  Ordinary  lamps  and  candles  are,  atrictly  speaking,  gas- 
Limps.     In  all  cases  their  flames  are  composed  of  burning  gas. 

Bjrp.  103.^Constract  a  lamp  as  follows :— To  a  wide-mouthed  bottle 
of  the  capacity  of  about  50  c.  c.  tit  a  cork  loosely;  bore  a  hole  in  the 
cork  and  place  therein  a  short  piece  of  glass  tubing,  Na  3,  open  at  both 
ends;  through  this  glass  tub©  draw  a  piece  of  lamp-wicking,  or  any 
looats  twine,  long  enough  to  reach  to  the  bottom  of  the  bottle.  It  is 
essential,  either  that  the  cork  should  tit  the  bottle  loosely,  or  that  there 
should  be  a  hole  in  the  cork,  in  oi-der  that  the  pressure  of  the  extenial 
air  may  act  upon  the  surface  of  the  alcohol ;  to  this  end  a  very  small 
glass  tube  may  be  inserted  in  the  cork  at  some  distance  from  the  tube 
which  carries  the  wick.    Fill  the  bottle  nearly  lull  with  alcohol,  and. 
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after  a  few  minutes*  touch  a  lighted  match  to  the  top  of  the  wick, 
fluid  alcohol  is  drawn  up  out  of  the  bottle  by  the  capilhii*v  attmrllo 
exercised  bv  the  pores  of  the  vegetable  fibre  of  which  the  wick  u  com- 
posed. When  heat  is  applied  to  the  alcohol  nt  tlie  top  of  .the  wick, 
some  of  it  is  converted  into  vapor ;  this  vapor  then  takes  lire,  and,  in 
burniog,  furnishes  heiit  for  the  vaporization  of  new  portions  of  the  lU- 
cohoL  From  the  top  of  the  wick  there  i«  constantly  ari.^ing^  a  column 
of  ga^  or  vapor^  and  upon  the  exterior  of  this  conical  column  chemical 
combination  i?  all  the  while  froin^^  on  botween  its  constituents  and  the 
oxygen  of  the  air.  The  dark  central  portion  of  the  alcohol-flame  ia 
nothing  but  gas  or  vapor. 

£jrp.  194* — Thrust  the  phosphorus  end  of  an  ordiniiry  friction^matcb 
directly  into  the  middle  of  the  flame  of  the  alcohol -lamp  of  Exp.  193. 
The  combustible  nmMer  upon  the  end  of  the  match  will  not  take  t^re 
in  the  atmo^here  of  carbonaceous  gases  of  whieh  the  centre  of  th»» 
flame  consists.  The  wood  of  the  match-stick,  of  course,  takes  fire  at 
the  point  whei'e  it  ia  in  contact  with  the  outer  ^gB  of  the  flame,  for 
it  is  there  heated  in  contact  with  air.  In  withdrawing  the  match  from 
the  middle  of  the  tfame,  it  is  not  easy  to  prevent  it  from  taking  tire  ai 
it  passes  through  the  outer  edge  of  the  flame ;  for  the  materials  on  the 
tip  of  the  match  have  been  so  stromrly  heated  by  radiation^  during 
their  sojourn  within  the  circle  of  fire,  that  they  are  now  ready  to  burst 
into  flame  immtdiately  on  coming  in  contat  t  with  the  airj  by  a  <|uick 
jerk,  however,  the  match  may  often  be  withdrawn  from  the  tlama 
without  taking  fire. 

Krp.  Iflfl.^Hold  a  thin  wire  ("best  of  platinum,  though  iron  will 
answer  well  enough)  or  a  f^plinter  of  wood  acroj-s  the  i!amc  of  an  alco- 
hol-lamp, as  shown  in  Fig.  <12.  The  wire  will  be  heated  to  Fjg^  eg, 
r^ness^  and  the  wood  will  bum,  only  at  the  outer  edges  at 
the  flume  where  the  gn^  and  air  meet;  in  the  interior  of  the 
flame  the  wire  will  remain  dark  and  the  wood  unburned ;  for 
there  is  no  combustion  there,  and  comparatively  little  heat. 
If  the  wire  be  successively  placed  at  ditierent  heights  in  the 
flarne^  the  size  and  shape  of  the  internal  cone  of  gas  can 
easily  be  made  out;  it  will  a jipear^  moreover,  that  the  hottest 
part  of  the  flanu^  is  just  above  the  top  of  the  interior  cone  of  gas.  Af 
arule^  when  glass  tubing,  or  the  like,  is  to  be  healed  in  a  nuine,  it 
should  never  be  placed  below  this  point  of  the  greatest  he; 

428.  The  flame  of  an  ordinary  oil-lainp  or  of  a  pt  troi*  um- 
lampt  in  the  same  way  as  the  flame  of  an  alcohol-kmp,  is  com- 
posed of  an  inner  cone  of  gas,  or  vapor  of  hydrocarbons,  and  an 
envelope  where  chemical  combi^iudon  ia  going  on ;  and  a  candle- 
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.fisme  IB  reallj  the  flame  of  tui  oil- lamp  (Exp.  TOO).     The  p] 
ence  of  vapor  in  the  candle-flame  can  be  reaiiilr  shown  (Ex 
193).     In  the  candle-flame^  as  in  that  of  the  alcohol-lamp^ 
'there  la  a  cone  of  unhnmt  gas  surrounded  bj  a  shell  of  burning 
substances  (Exps.  199.  200). 

Ejrp.  19G.— Touch  Q  lij^hted  match  to  the  wick  of  a  new  candle ; 
cotton  of  which  the  wick  if  composed  takes  fln*  and  is  at  once  coi 
Bumed  for  the  mo^  part ;  but,  in  bumin^f  the  ccittan  grtves  off  consid< 
Able  heatj  and  some  of  the  wax  or  tallow  of  which  th»  candle 
composed  is  thereby  melted  and  converted  into  oiL     Tb^  liquid 
ascends  the  wick  by  virtue*  of  capillair  attractionf  and  is  eon  verted  i 
vapor  or  gas  by  the  heat  of  the  cotton  sdU  burning  at  the  stump  of 
wick ;  this  gas  then  burns  preciselj  like  the  alcohol  vapor  in  Exp.  1 
or  the  illuminating  gas  in  EIxp.  189,  and  bj  the  heat  thus  disej 
new  portions  of  wax  or  tallow  are  continuallj  melted.    There  is  alwi 
a  little  cup  of  oil  at  the  top  of  the  wd  of  wax  or  tallow  of  which  ti 
candle  comdata^  and  the  apparatus  is  as  trulj  an  oil-lamp  as  if  the 
were  held  in  a  vessel  of  glass  or  metal 

£jjt,  107.^ — Let  a  candle,  best  of  taUow,  bnni  onttl  the  snuff  has 
become  long ;  blow  out  the  tlaine,  and  observe  the  cloud  of  vapor  which 
abcends  from  the  hot  wiek.    Touch  a  lighted  match  to  this  oolumn 
vapor^  aud  notice  that  it  takes  Are  at  some  little  distance  from  the  wi< 
After  the  flame  has  been  extinguished,  the  wick  retains  heat  enoi 
for  a  few  moments  to  distil  ofl^a  quantity  of  gas,  although  there  b 
heat  enoiigh  generated  to  inflame  this  gas.    To  the  gas  or  vapor  thoa 
evolved  is  to  be  rvfemed  the  disagreeable  odor  which  la  obaerved  when 
A  candle  is  blown  out. 

Exp.  108.— Draw  a  glass  tube  (So.  6  or  6)  10  or  16  C-m.  long  to  a 
moderately  fine  open  point  j  with  a  piece  of  wire  bind  this  tube  in  an 
ifiolined  position  to  a  ring  of  the  iron  stand,  and  place  the  lower  end 
of  the  tube  m  the  middle  of  a  candle-flame,  just  Wlow  ihc  centre, 
that  a  portion  of  the  gaa  of  the  inner  cone  of  the  flame  mav  escape 
through  the  tube;  light  the  gas  at  the  point  at  the  top  of  the  glais 
tube,  and  observe  that  it  will  bum  there  stetdilj,  if  the  exptnment  ia 
performed  in  a  quiet  place  where  ihers  are  do  dniuriita  of  ate 

&p.  109. — Press  down  a  piece  of  white 
letter-paper,  for  an  instant,  upon  the  flame 
of  a  candle  until  it  almost  touches  the  wick 
then  quickly  remove  the  paper  before  it 
takes  Are,  and  observe  that  its  upper  sur. 
/ace  ia  charred  in  the  manner  shown  in  F 
tainad,  in  iact,  burned  int< 
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column  of  unbumt  gras  and  of  the  shell  of  bumingr  mutter  which  vxr* 
rounds  it  Within  the  charred  rin^  the  paper  ia  unacted  upon ;  for 
that  part  of  it  was  in  cootacc  only  with  the  unburnt  gas  in  the  centfe 
of  the  flame. 

Exp.  200. — Replace  the  paper  of  Exp.  199  with  a  strip  of  glfisfi,  so 
held  that  the  conical  flame  of  the  candle  eihaU  be  cut  across  horizon- 
tally by  the  glass  vts  it  was  by  the  paper  in  Exp,  1D9.  Look  down 
fi-om  above  through  the  glass  into  the  hollow  cylinder  of  unburnt  gai 
within  the  circle  of  combustioa. 

429.  In  any  flame,  wbicb  ia  rendered  luminous  by  incandescent 
carbonaceous  particles,  three  portions  can  be  distin- 
guished : — 1st,  the  dark  interior  cone  of  gas, «,  Fig.  64 ; 
2nd,  tho  zone  of  intense  chemical  action^  5,  wbere  the 
hydrogen  is  burning  and  the  carbonaceona  particles  are 
heated  to  whiteness ;  and,  finally,  upon  the  very  outside 
a  thin,  score ely  perceptible  film  of  burning  carbonic 
oxide,  c. 

430.  From  the  study  of  luminous  flamea  wo  pass  to 
a  consideration  of  flamea  employed  only  as  aouroes  of 
heat     In  the  experiments  (2o-27)  with  the  oxy hydro- 
gen blowpipe,  it  has  been  already  shown  that  a  very 
intense  heat  may  be  obtained  by  throwing  oxygen  into 
the  hydrogen-flame,  and  «o  localizing  the  chemical  action  and  th«' 
heat  with  which  this  action  is  accompanied.     The  subject  may 
be  here  conveniently  studied  by  employing  coal-gas  and  air  in 
place  of  hydrogen  and  oxygen, 

Sxp,  201. — Fill  one  gas-holder  with  air,  and  screw  to  It  a  metallic 
jet,  such  as  ia  shown  in  Fig.  65.  Fill  another  iras-holder  with  onii- 
ntay  tlluminating  gas  and  connect  the  opening  of  this  gaa-holder  with , 

Hg.  65, 


Fig.  64. 
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the  lower  opening  of  the  metallie  jet    Open  the  cock  of  the  holder 

which  contaitii!  the  coal-giui,  and  inflame  the  gas  at  the  point  of  th« 
metallic  jeu    There  will  be  thus  obtained  a  long  stream  of  gaa  bum- 
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tag  ftt  the  expense  of  the  air  which  bathes  its  surface*  The  chemical 
»eti<m  between  the  oxygen  of  the  air  and  the  coiBtituenta  of  the  coal- 
gaa,  and  the  heat  resulting  from  this  lictioni  ore  ditf  used  over  the  entire 
surikee  of  thi»  long  flame.  Without  touchingr  the  cock  of  the  holder 
which  cx>ataina  the  coal-gas,  or  in  any  way  attering  the  amount  of  gaa 
which  flows  out  of  this  holder,  open  the  cock  of  the  holder  which  con- 
tains ^r^  so  that  air  may  be  thrown  into  the  middle  of  the  coal-gas 
flame.  The  latter  will  be  immediately  sfaortened  down  to  almoat 
nothing.  The  constituents  of  the  coal-gas  will  now  all  combine  with 
oiygen  in  a  very  small  spac8^  and  the  heat  of  combination,  which  was 
diffused  btffore,  wiU  be  correspondingly  concentrated.  It  is  much  the 
same  as  tf  the  coal-gas  and  the  air  had  been  mixed  together  beforehand 
and  then  lighted.  In  deed ^  in  one  of  the  Imt  forms  of  the  oxy  hydro- 
gen blow-pipe,  a  mixture  of  the  two  gases^  such  as  we  have  exploded 
in  E^.  30,  was  first  prepared^  and  then  forced  out  of  a  single  gas- 
jMlder  of  peculiar  construction,  provided  with  an  exceedingly  minute 
ice,  at  the  mouth  of  which  the  mixed  gasei  were  burned.  This 
Bpparatus  was  inconvenient  and  dangerous,  and  has  long  since  been 
superseded  ;  btit  it  well  illustrated  the  local  concentration  of  heat  now 
under  discussion. 

431.  The  principle  of  the  common  mouth -blowpipe,  of  the 
glass- blower's  lamp  (Appendix,  §  6),  and  of  all  blasts  and  blowera, 
is  identical  with  that  of  the  oxybydrogen  blowpij>e,  which,  as  has 
been  already  stated  (§  55),  is  the  hiroplest  of  all  intense  and  con- 
centrated combustions.  Air,  or  more  strictly  speaking,  oxygen, 
is  thrown  into  the  combustible  gas  or  fuel,  in  order  that  the  com- 
bustion may  go  on  in  a  small  space. 

The  mouth -blowpipe  may  be  used  with  a  candle,  or  with  any 
hiuid-lamp  proper  for  burning  oil,  petroleum,  or  any  of  the  so-called 
htamm^lfiutdjfj  provided  that  the  form  of  the  lamp  below  the  wick- 
bolder  is  such  as  to  permit  the  close  approach  of  the  object  to  be 
heated  to  the  side  of  the  wick.  When  a  lamp  is  used,  a  wick  about 
1*3  cm.  wide  and  0*5  cm.  thick  is  more  convenient  than  a  round  or 
narrow  wick ;  a  wick  of  thi.^i  sort,  though  hardly  so  wide,  is  used  in 
tome  of  the  open  burning- 11  uid  (naphtha)  lamps  now  in  common  use. 
The  wick-holder  should  be  filed  olTon  its  longer  dimension  a  little 
obliquely,  and  the  wick  cut  parallel  to  the  holder,  in  order  that 
the  blowpipe-ilame  may  be  directed  downwards  when  necessary 
(Fig,  07). 

The  cheapest  and  best  form  of  mouth-blowpipe  for  chemical  pur- 
poses is  a  tube  of  tin-plate,  about  18  cm.  long,  2  cm.  broad  at  one  end, 
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mid  tapering  ta  0*7  cm*  at  the  other  (Fi^.  66)  ;  the  bmad  «nd  ii 

closed »  and  a  little  above  this  closed  end 

A  anftll  cvUndrical  tube  of  brass  about  6 

cni-  long  is  hold^rt^d  in  at  right  anglea ; 

thb  braa»  tube  is  Alightly  conical  at  the 

end,  aod  eamea  a  small   nozzle  or  tip, 

which  may  be  made  ti'lther  of  brasa  or 

platinum.     The  tip  should  be  drilled  out 

of  a  solid  piece  of  luetal,  and  should  not 

be  fastened  upon  the  brass  tube  with  a 

screw.      A  trunipet^shaped  mouth-piece 

of   bom   or  box- wood  is  a  conveuient. 

though  by  no  means  essential,  addition  1 

this  blowpipe. 

£xp.  202, — ^To  use  the  mouth  blowpipe,  place  the  open  end  of  tbt 
tin  tubp  between  the  lipa^  or^  if  the  pipe  is  provided  with  a  mouth^piaoi^ 
prew  the  trumpet-shaped  mouth-piece  against  the  lips ;  HU  the  moatk 
with  air  till  tbe  cheeks  are  widely  distended^  and  insert  the  tip  in  the 
flame  of  a  lamp  or  candle  ;  close  the  communicatioa  between  the  IttDgv 
and  the  mouthy  and  force  a  ciirreDt  of  air  through  the  tube  by  »queca» 
ing  the  air  in  the  raouth  with  the  muscles  of  the  cheeks,  breathings  in 
the  meantime,  regularly  and  quietly  through  the  nostrils.  The  knack 
of  blowing  a  steady  stream  for  several  minutes  at  a  time  is  readily  ac» 
quired  by  a  little  practice.  It  will  be  at  once  observed  that  the 
appearance  of  the  flame  varies  considerably,  according  to  the  strength 
of  the  blast  and  the  position  of  the  jet  with  reference  to  tbe  wick. 

When  the  jet  of  the  blowpipe  is  inserted  into  the  middle  of  a 
eandle-fJame»  or  is  placed  in  the  lamp-flame  in  the  position  shown  in 
Figure  07»  and  a  strong  blast  pi^  ^j7 

is  forced  through  the  tube,  a 
blue  cone  of  flame,  a  5,  is  pro- 
duced«  beyond  and  out«de  of 
which  stretch ea  a  more  or  less 
colored  outer  cone  towards  t\ 
The  point  of  greatest  heat  in 
this  flame  is  at  the  point  of 
the  inner  blue  cone,  because 
the  eomhustible  gnaes  aio  there  supplied  with  just  tbe  qtltlltity  of 
oxygen  n^fcessary  to  consume  them ;  but  between  this  point  a&d  the 
extremity  of  the  flame  the  combustion  is  concentrated  and  intonae* 
The  greater  part  of  the  flame  thus  produced  is  otridmn^  in  its  eflfect; 
and  this  flame  Is  technicaUj  called  the  axidmn^  Jfamt,    From  the 
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point  a  of  the  inner  blue  conet  the  heat  of  the  flame  diminiahes  in  both 
directions — towards  5,  on  the  one  hand,  and  towards  c^  on  the  other; 
most  gnbstanceB  require  the  temperature  to  be  found  between  a  and  e, 
Oxidntion  takes  place  mast  rapidly  at,  or  just  beyond,  the  point  e  of 
the  fiaiue,  provided  that  the  temperature  at  thia  point  is  hi^h  enough 
for  the  special  eulistance  to  bo  heated, 

A  tlauie  of  predaely  the  opposite  chemical  effect  may  h©  produced 
with  the  blowpipe.  To  obtain  a  good  reducing  flame,  it  h  necessary 
to  place  the  tip  of  the  blowpipe,  not  within,  but  just  outside  of  the 
flamo,  and  to  blow  rather  over  than  through  the  middle  of  the  tiame 
(Fig.  flS)«  In  this  manner,  the  flame  is  less  altered  in  its  generml 
character  than  in  the  former  _. 

case,  the  chief  part  consisting:  ^77^. 
of  a  large,  luminous  cone,  **L,^> 
containing  carbonaceous  va- 
purs  in  a  state  of  intense  igni- 
tion and  just  in  the  condition 
for  taking  up  oxygen,  This 
flame  is  therefore  reducmg  in 
its  effect,  and  is  technicaUy 
called  the  rethemff  fiame.  The 
iubstance  which  is  to  be  reduced  by  exposure  to  this  flame  should  be 
completely  covered  up  by  the  luminous  cone,  so  that  contact  with  the 
9Af  may  be  entirely  avoided.  It  is  to  be  observed  that,  whereas  to  pro- 
duce an  effective  oxidizing  Hame  a  strong  blast  of  air  is  desirable,  to 
get  a  good  reducing  flame  the  operator  should  blow  gently,  with  only 
enough  force  to  diyert  the  lamp -flame. 

Substances  to  be  heated  in  the  blowpipe-flamSi  are  supported,  some* 

llnieB  on  charcoal,  sometimes  on  platinum  foil  or  wire  or  in  platinum 

s  or  forceps,  and  sometimes  on  little  capsules  made  of  clay  or 

iKme-earth.    Charcoal  is  especially  suited  for  a  support  in  experimentB 

of  reduction, 

Eijt.  203. — The  heat  of  the  oxidizing  flame  may  be  well  shown  by 
roeiting  the  extremity  of  a  very  fine  platinum  wire  into  a  little  ball 
To  effect  this  fu.sion,  bend  the  wire  at  right  angles  at  6  to  6  m.m.  from 
tke  end,  and  hold  this  btmt  end  precisely  in  the  axis  of  the  flame,  with 
the  angle  outward  and  the  extremity  of  the  wire  atiihe  hottest  part  of 
the  flame.  If  the  wire  is  kept  ateadUy  in  position,  and  the  blast  is 
strong  and  the  flame  pure,  a  little  knob  will  soon  appear  on  the  end  of 
the  wire.  The  bend  in  the  wire  is  made  in  order  to  keep  a  certain 
ire  hoty  and  so  to  diminish  the  conduction  of  heat  from 
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Exp,  204, — Place  &  kernel  of  metallic  tin,  us  Irtjtp  as  this  o,  in  » 
little  hollow  scooped  out  at  one  end  of  a  bit  of  chnrt-oal  8  to  12  cm, 
looj^.  Melt  this  tin  in  the  reducing  tinme  of  the  blowpipe,  and  en- 
deavour to  preserve  the  metallic  lustre  of  the  fused  metal  untamiaibed. 
A  pure  reducing  flame  is  necesaarj^  for  this  purpose.  A  touch  of  ike 
orldi^ing  flame  upon  the  metal  covers  its  surface  with  a  white^  iiifti- 
•ible^  incaudescent  ajsh, 

432,  Another  method  of  Bupplying  the  burning  fuel  with  air 
IB  by  means  of  chimneys.  Chimneys,  whether  of  lampe  or  fur- 
naces, are  simply  devices  for  bringing  air  in  abundance,  and  there- 
fore oxygen,  into  the  fire  ;  that  in  so  doing  they,  at  the  game  time, 
carry  ofi'  the  waatfi»*  products  of  combustion,  is  an  incidental  ad* 
vantage. 

Exp.  205. — Light  A  piece  of  a  candle  8  or  10  cm.  long  and  stand  it 
upiin  a  smooth  table  ;  over  the  candle  place  a  ml  her  tall,  narrow  lamp- 
chimney  of  glafli*,  the  bottom  oi  the  chimney  being  made  to  rest  upon 
the?  table^  and  observe  that  the  candlc-tlame  will  soon  be  extinguished. 
Ko  fresh  air  can  enter  the  chimney  from  below  to  maintain  the  che- 
mical action,  and  the  small  quantity  of  aur  which  can  creep  down  the 
chimney  from  above  is  altogether  insufficient  to  meet  the  requiremBiiti 
of  the  case. 

Estp,  206. — Relight  the  candle  of  Exp,  205,  and  again  place  over  tl 
the  lamp-chimney;  but  instead  of  allowing  the  chimney  to  rest  closelj 
upon  the  surface  o:  the  table,  prop  it  up  on  two  naiTOW  strips  of  wood, 
so  that  air  can  have  free  entrance  into  the  chimney  from  below.  The 
candle  will  now  continue  to  burn  freely;  for  the  heavy  cold  air  outside 
will  continually  press  into  the  lower  part  of  the  chimney,  and  push 
out  the  wann,  light  products  of  combustion,  and  the  candle-Hame  will 
all  the  while  be  supplied  with  fre.Hh  air. 

Exp.  207.— Prepare  several  strips  of  **  ni- 
tre-p'iper'"  by  go  akin  g  ordinary  brown  paper 
in  a  strong  solution  of  nitrate  of  potiL'?.'*ium 
and  drying  the  product  On  being  lighted, 
paper  thus  prepared  will  bum  without  ttame 
while  emitting  cJ^ouds  of  smoke.  Light  a 
piece  of  the  nitre-paper  and  place  it  at  the 
foot  of  the  chimney  arranged  as  in  Fig.  ti9. 
The  smoke  of  the  burning  paper  will  in- 
stantly pass  up  through  the  chimney,  and 
00  indicate  tJie  direction  of  the  invisible  air 
which  ifl  all  the  while  entering  belpw  and 
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pftsMng  aat  aboTQ  it  tlie  top  of  the  chtmney,  as  fast  as  it  is  heated  and 
nuLde  lighter  by  the  bumbg  of  the  candla 

Ej^k  20b.':-Hepeiit  Exp.  206,  and  when  the  candle  is  burning 
qtxietlj,  cover  the  top  of  the  chimney  tightly  with  a  piece  of  tin  or 
eheet'iroQ,  or  with  a  Btrip  of  window  glass ;  the  candle  will  soon 
ceaae  to  bam,  precisely  as  if  the  chimney  were  closed  at  the  bottom, 
tor,  the  escape  of  the  hot  products  of  combustion  being  prevented^  no 
air  can  pass  into  the  chimney  to  reach  the  candl^flame. 

It  is  by  inducing  the  current  of  fresh  air  (Exp.  206),  or  draughty  as 
it  ii  ordinarily  termed,  that  chimneys  are  specially  useful  They  give 
direction  and  precision  both  to  the  incoming  cold  air  and  the  outgoing 
hot  gas,  'V\1iere  there  is  no  chimney,  the  hot  air  from  a  lamp  goes  off 
at  a  comparatively  slow  rate,  and  vaguely ;  through  the  chimney^  on 
tlie  other  hand^  it  flows  straight  forward  and  rapidly >  and,  of  course, 
a  correspondingly  direct  and  rapid  current  of  fresh  air  presses  in 
to  supply  its  place.  Cjwing  to  (his  power  of  rapidly  supplying  air, 
chimneys  are  employed  upon  lamps  burning  petroleum  and  other 
highly  carbonized  oils  which  are  liable  to  smoke;  in  general  they 
are  made  use  of  upon  lamps  in  all  cases  where  intensity  flames  are 
required* 

£sp,  200. — It  is  not  absolutely  necessary  that  the  fresh  air  should 
flow  into  a  chrmDey  from  below.  Divide  the 
upper  part  of  the  chimaey  of  Exp.  205^  into 
two  channels,  by  hanging  in  it  a  strip  of 
aheet-iron  or  tin,  as  a  partition  at  the  centre 
of  the  chimney.  (See  Fig.  70,)  Place  the 
chimney  thus  divided  over  a  burning  candle, 
and  obtterve  that  the  candle  will  continue  to 
bum  AS  if  in  a  strong  draught  of  air,  although 
no  air  can  enter  the  chimney  from  below. 
Hold  a  piece  of  burning  nitre-paper  (Exp. 
S07)  at  the  top  of  the  divided  chimney;  the 
•moke  will  be  drawn  down  into  the  cbimnej 
on  one  side  of  the  partition  and  thrown  out 
again  upon  the  other,  as  indicated  by  the  arrows  in  Fig,  70.  It  ap- 
pears from  this,  as  weU  as  from  the  tremulous  motion  of  the  flame, 
that  a  current  of  cold  air  passes  down  upon  one  side  of  the  division 
wail  and  supplies  the  required  oxygen, 

433.  One  exceedingly  important  point  in  chemical  philosophy 
irhich  we  have  hitherto  taken  for  granted,  may  now  be  readily 
illustrated.  Aa  the  result  of  long-oontinued  experimentation  and 
the  moBt  rigid  acnitiny  of  all  chemical  f^ts,  it  is  admitted^  aa  a 
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fundamental  truth,  that  matter  is  in  destructible*  When  snb- 
etancDs  undergo  chemical  change,  none  of  their  ingredients  ai* 
really  destroyed,  not  an  atom  of  them  is  aanLhiJated  ;  nor,  npoa 
the  other  hand,  is  any  new  matter  created  ;  it  is  the  form  only  rfj 
the  old  substances  which  is  changed ;  their  weight  remains  VH' 
every  case  unaltered. 

By  briuging  about  chemical  combination  between  two  or  mors 
bodies,  we  can  entirely  change  their  appearance,  their  conditi( 
and  their  properties,  but  in  every  case  it  will  be  found  that 
weight  of  the  resulting  compounds  is  precisely  equal  to  the  si 
of  the  weights  of  their  components.  Thus,  when  a  candle  boms 
in  the  air  and  gradually  disappears,  none  of  the  elements  which 
compose  it  are  either  lost  or  destroyed.  Though  by  uniting  wi1 
the  oxygen  of  the  air,  the  components  of  tho  candle  have  beea] 
converted  into  compoutids  which  are  invisible,  it  is  neverthelof 
easy^  to  satisfy  ourselves  of  the  existence  of  these  compounds*! 
Already,  in  Exps.  167, 168,  it  has  been  demonstrated  that  carbomOi 
acid  and  water  are  products  of  the  combustion  of  tho  candle ; 
we  now  proceed  to  show  that  these  products  weigh  more  thaa 
candle. 

JSxp.  210. — Take  a  glaia  tube  2  or  3  cm.  in  diameter  and  25  or  8ol 

c.m.  long^  such,  for  example,  as  the  neck  of  a  broken  retort  j  fit  a  cork 
to  each  extrciijity  of  the  tube,  and  at  a  distnnce  of  6  or  8  cm-  from  ill  I 
upper,  wider  end,  fix  acro«  the  tube  a  partition  of  wire  gauze*  Through.j 
the  upper  cork  insart  a  glass  tube,  No.  3  or  4»  bent  at  a  right  angle 
aud  in  the  lower  cork  bore  several  open  holes,  besides  a  centriJ  orifi 
into  which  a  small  wax  taper  is  fastened.     Fill  the  space  between  1 
upper  cork  and  the  shelf  of  wire  gaujEe  with  recently  slaked  lime,  in 
not  too  fine  powder  ;  replace  the  cork,  hang  the  tube,  with  its  content!^] 
at  the  end  of  one  arm  of  a  balance,  and  counterpoi.^  the  appamt] 
precisely  by  placing  shot  or  sand  in  the  pan  upon  the  other  side  of  the 
acalas.     Next  make  an  "  a^pi rating  ilask,"  by  tittiitg  to  the  upper  oii»; 
fice  of  a  bottle  ^-ith  a  stopcock,  such  as  is  depicted  in  the  upper  part  < 
Jig.  xvii.  in  the  Appendix*  a  sound  cork,  carrying  a  glass  tube,  No.  < 
or  4;  the  tube  should  reach  to  the  bottom  of  the  bottle  and  be  bent  at 
a  right  angle  a  short  distance  above  the  cork. 

By  means  of  flexible  tubing,  connect  the  upper  tube  of  the  aspirating 
0aak  with  the  tnbe  is^suing  from  the  upper  cork  of  the  apparatus  upon^ 
the  btdnnt^e,  and  open  the  atoprock  of  the  aspirator  to  such  an  extend 
that  water  shall  How  out  from  it  s!owlyt    Remove  the  lower  cork  froml 
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tHe  apparatus  upon  the  balance,  ui  order  to  light  the  tapeT,  then  quickly 
zcrploi'e  it  and  rngiJiite  the  flow  of  water  from  the  a?pirat<)r,  so  that 
tulEci^at  air  shall  he  drawn  in  throug'h  the  holes  in  the  cork  which 
supports  the  taper  to  maintain  the  latter  in  lirelj^  combualion. 

After  the  taper  has  burned  during  4  or  5  minutes,  close  the  aspirator, 
femore  the  flexible  tube  from  the  candle  apparatua,  bo  that  the  latter 
jnay  o^ain  hang  freely  from  the  arm  of  the  balance^  and  ob5er\e  that 
th«  weij^ht  of  the  apparatus  is  now  greater  than  it  was  at  the  b  gin- 
ning of  the  experiment,  for  the  lime  within  the  tube  has  absorbed  the 
carbonic  acid  and  water  which  were  produced  bj  the  combination  of 
the  ingredients  of  the  candle  with  the  oxygen  of  the  air. 

434.  In  order  that  any  combustible  substance  ahall  burn,  op, 
in  oliier  words,  in  order  that  biisk  chemical  action  ybjtll  occur 
between  the  combustible  jind  the  oxygen  of  the  air,  it  must  first 
be  heated  to  a  certain  temperature,  and  then  kept  at  that  heat. 
The  tcroperature  at  which  any  substance  takes  fire  is  known  as 
the  kindling- temperature  of  that  substance. 

Erp,  211. — Place  a  small  bit  of  phosphorus  and  another  of  sulphur, 
not  in  contact  ^ith  the  firgt,  upon  a  fragment  of  porct^lain  0  or  8  cm. 
■croaB,  and  heat  them  slowly  over  the  ga.'^-lamp.  The  phosphorus  will 
»oon  take  lire  at  a  temperature  of  08° -70** ;  but  the  sulphur  will  not 
indauie  until  the  temperature  of  the  porcelain  support  has  risen  to 
about  250'-'^  as  can  be  readily  ascertained  by  the  thermometer. 

As  was  just  now  said,  the  degree  of  heat  necessary  to  start 
any  fire  must  be  kept  up  continuttlly,  or  the  fire  will  go  out. 
Whenever  burning  bodies  are  cooled  below  the  kindling- tempe- 
rature they  are  extinguished, — the  chemical  action  which  occa- 
sioned the  appearance  of  heat  and  light  ceases. 

Mrp.  212. — Pile  up  upon  an  iron  grate,  thick  in  metal,  and  sup- 
id  in  such  manner  that  sir  may  enter  beneath  it,  several  pieces  of 
hot  charcoal.   l*he  chan!ual  will  go  on  burning  until  neatly  aU  of  it 
liB«  bt-en  roujiiimed ;  for  the  heat  gen»?rated  by  the  combustion  <>f  the 
portions  first  burned  keepa  up  the  temperature  necessary  to  kindle  the 
aub»equt«ut  portions. 

Upon  a  cold  grate,  similar  to  the  one  just  employed,  scatter  about 
irai  small  pieces  of  red-hot  charcoal,  taking  care  that  uo  two  piecea 
of  the  coal  shall  come  in  contact,  or  be  placed  so  as  to  heat  one 
anoUier.  Ench  of  the  pieces  of  chare? >al  will  soon  cease  to  bum ;  for 
the  mctalljc  giate  is  so  good  a  conductor  of  heat  that  it  removes  heal 
from  the  isolated  pieces  of  charcoal  more  rapidly  than  these  con  pro- 
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duce  it ;  conf^equ^ntly  the  temperature  of  the  charcoal  is  soon  redu 
to  below  th«  Ifiudling-point, 

A  rvBXili  ftimilor  to  the  foregoing  ia  obtained  when  soy  fire  is  broken 
lip  nnd  scattered  about  to  such  an  extent  that  ita  »eyeral  portion«  cim- 
Bot  fL^^ist  in  one  anothetr'e  combustion — though  if^  instead  of  \mug 
placed  upon  iron^  the  separate  glowing  coals  be  laid  upon  ashes  or  dr/ 
earth,  they  will  be  ex tiajjf wished  oaly  after  a  much  longer  time,  for 
aahcs  and  dry  earth  are  very  poor  conductors  of  heat  in  compamon 
with  iron. 

In  all  ordinary  fires  the  beat  evolved  by  the  combustion  of 
the  fuel  is  more  than  sufficient  to  maiiituiri  a  tempcratuxe  b^lghcr 
than  the  kindling-point  of  the  fuel— though,  generally  speaking, 
the  fuel  becomes  at  last  so  dogged  with  ashes,  that  the  oxygen 
of  the  air  cannot  get  at  the  remaining  combustible  mutter  in 
sufficient  quantity  to  maintain  lirely  chemical  action. 

435.  Precisely  as  coals  can  be  extinguished  by  placing  thom 
upon  cold  metal,  so  flamei^  may  be  put  out. 

^;>.  213, — Upon  a  ring  of  the  iron  stand  place  a  sheet  of  dean 
wire  gauze  about  10  cm,  ^uare;  lower  the  ting  so  that  the  g&usa 
shall  be  presf^ed  doT%ii  upon  the  flame  of  a  latup  or  candle  almost  to 
the  wick^  as  shown  in  Fig-.  71.     No  flame  will  be 
seen  above  the  gauze,  but  ini^tead  of  tlame  a  cloud 
af  smoke.    The  gauze  is  a  mei*e  open  sieve ;  there 
is  nothing  about  it  which  can  preTent  the  gna, 
which   was  jti^^t  now  buraing  with  flnme  above 
the  wick  of  the  candle^  from   passinj^  through, 
Indet^d  it  may  be  seen  from  the  smoke  that  the 
particles  of  carbon  which,  in  the  ori^ual  undis- 
turbed flATue^  were  becoming  incandescent^  and  so  afibrding  light,  do 
DOW  actually  come  tlirough  the  gauze. 

The  explanation  of  the  phenomenon  is  simply  that  the  metalUc 
sieve  con<lucts  away  so  mwch  heat  that  the  temperature  of  tbe  candle- 
dame  h  reduced  to  below  the  kindlin^-point  That  this  is  really  to  ia 
proved  by  the  fact  that,  after  the  gauite  has  become  sutficiently  heated 
by  loir^'"-eontinued  contact  with  the  tiame  below — after  it  has  attai&ed 
the  kindling-point  of  the  candle-gas,  it  will  no  longer  extinguish  the 
B&nie.  In  like  manner,  a  caudhj-flame  may  be  cooled  to  such  im  ex* 
tent  that  it  will  go  out,  by  plticiog  over  it  a  small  coil  of  cold  cf»pper 
wire,  while  if  the  wire  be  previously  heated  the  flame  will  coDtinua 
to  bum. 

If  the  smoke  and  unbumed  gas  which  has  passed  through  the  cold 
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win  gfftuxe  be  touched  with  a  lighted  match,  and  bo  brought  to  the 
kindling  temperature^  it  will  bunt  into  flame. 

The  power  of  wine  gau2i»  to  preYent  the  passage  of  flame  has  been 
usefully  applied  in  several  ways,  notably  for  the  prevention  of  explo- 
fliona  in  thoae  coal-mines  which  are  liable  to  accumulations  of  marsh- 
gaa.  For  this  purpose  aafety-lampa  are  constructed  by  enclodDsr  an 
ofdinary  oU*lamp  completely  in  wire  ^auze,  so  that  the  flame  within 
the  gauze  cannot  kindle  any  combustible  or  explosive  gas  into  which  it 
may  be  cmried.  In  case  such  a  lamp  be  carried  into  a  place  filled  with 
explosive  gaa.  the  latter  will,  of  course,  pass  into  the  lamp  thr«;»Mjtrh  the 
meiheB  of  the  gauie  and  bom  within  the  cage.  This  combustion  givea 
warning  of  the  presence  of  the  dangerous  giis,  and  indicates  to  the 
workman  that  he  should  withdraw  firom  the  locality ;  the  gas  can  then 
be  eacpelled  by  appropriate  methods  of  ventilation* 

The  wire-gauze  lamps  employed  in  chemical  laboratories  (for 
one  form  of  which  &ee  Appendix,  Fig.  riii*)  are  simply  appUoa- 
tiona  of  the  same  general  idea. 

Erp,  214 — Beneath  the  sheet  of  wire  gau«e  of  Exp,  213,  place  an 
nnli^hted  ordinary  gas-lamp  (Bunsen^s  burner),  at  such  distance  thai 
the  gauze  shall  Ih?  3  or  4  cm.  above  the  top  of  the  l&mp ;  turn  on  the 
gas  and  light  it  above  the  wire  gauze ;  it  will  continue  to  bum  on  the 
top  of  the  gauze  for  an  indefinite  period,  for  the  gauze  will,  in  thia 
oaaey  always  be  kept  cool  by  the  cold  gas  which  is  continually  passing 
tluiMigh  it  Carefully  and  gradually  lift  the  ring  which  carries  the 
g&tae,  and  determine  how  far  it  is  possible  to  lift  the  gauze  above  thft 
ga».jet  without  extinguishing  the  flame. 

The  student  will  remember  that  other  experiments  illuBtrating  the 
intiueQce  of  cooling  agencies  in  extinguishing  combustinti  (Expa,  136 
md  154),  have  already  been  performed*  Compare  also  Exp.  196  and 
§  200,  OS  regards  kindling. 

430.  An  effect  somewhat  similar  to  that  produced  by  wire 
gause  is  often  seen  in  ordinary  ftree.  When  a  mass  of  red-hot 
anthracite,  charcoal,  or  coke  is  burning  freely  upon  a  grate  in 
the  open  air,  there  ia  always  a  blue  flame  of  carbonic  oxide 
burning  above  the  coal.  This  gas  results  from  the  reduction  of 
carbonic  acid  by  means  of  hot  carbon,  precisely  as  in  Exp.  181. 
Air  enters  at  the  bottom  of  the  grate  and  combines  with  the  hot 
ooal  which  it  finds  there  to  form  carbonic  acid  (00^).  This  car- 
bonic acid,  05  it  rises  through  the  hot  coal  in  the  middle  of  the 
firo,  is  deprived  by  the  heated  carbon  of  half  its  oxygen, 
CO,  +  C  ^  2C0, 
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60  that  two  molectiles  of  carbonic  oxide  gas  finally  emerge  at  the 
top  of  the  eoal»  instead  of  tho  Kingle  molecule  of  carbonic  acid 
which  was  formed  at  first.  The  carbonic  oxide  being  combun- 
tihle,  will  at  once  take  fire  on  coming  in  contact  with  the  air, 
provided  the  temperature  at  the  aammit  of  the  fire  he  equal  to 
the  kindling-temperature  of  carbonic  oxide.  But  if  tho  tempe- 
ratuj©  of  the  fire  is  in  any  way  reduced  below  this  point,  as^  for 
example,  by  throwing  on  too  large  a  quantity  of  cold  fuel,  which 
10,  of  coBTie,  equivalent  to  covering  tho  fire  with  a  sheet  of  wire 
gau26»  then  the  carbonic  oxide  will  be  extinguished,  and,  eooaping 
into  the  chimney,  will  produce  no  useful  eflfeot* 

Were  it  not  for  the  formation  of  carbonic  oxide,  as  above  men- 
tioned, neither  anthracite  coal,  nor  coke,  nor  charcoal  would  bum 
with  flame  after  having  once  got  weU  on  fire ;  they  would  simply 
glow,  as  a  single  live  coal,  or  a  bar  of  metal,  glows  when  tokeji 
from  the  fire, 

437.  In  heating  steam-boilers  and  other  largo  vessels,  it  is 
often  a  point  of  great  impoKance  to  obtain  from  the  fuel  a  large 
flame,  in  order  that  the  heat  from  the  fuel  may  be  quickly  dis- 
tributed and  brought  into  contact  with  the  matter  to  be  heated. 
With  anthracite  and  coke  this  result  is  eftected  by  placing  be* 
neath  the  grate,  upon  which  the  fuel  is  burned,  a  quantity  of 
water.  From  this  water  steam  gradually  rises,  as  hot  ashes  and 
cinders  fall  into  it  and  as  heat  radiates  down  upon  it  from  tho 
fire  above.  The  steam,  as  it  enters  the  fire»  is  decomposed  by 
the  hot  coal  (see  Exp.  156),  in  acoordanoe  with  the  following 
reaction, 

0  +  H,0  =  CO   +   2H, 

and  the  combustible  ^use^  thus  obtained  arc  sujieraidded  to  llHr 
carbonic  oxide  which  m  formed  in  due  course  from  the  acHon  of 
air  upon  the  coal.  Ail  these  gases  bum  again  to  carbonic  acid 
and  water  above  the  fire,  where  air  is  thrown  in  to  meet  them 
through  ai>pr(>prittte  orifices.  In  this  use  of  water  as  an  adjunct 
to  the  combustion  of  coal,  the  absolute  amount  of  heat  given  off 
by  the  fuel  is  in  nowise  increased  ;  but  in  many  instances  much 
heat  may  undoubtedly  be  saved  by  thus  equally  distributing  and 
applying  it  by  means  of  flame, 

438.  On  the  other  hand^  fursaoes  are  sometimes  seen  co& 
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Sinning  fuel  under  sucli  conditiong  that  all  the  ciirbonic  oxifle 
produced  within  them  esA^apeft  unburned  into  the  chiran<fy.  In 
sach  cases,  more  than  two-thirds  of  the  amount  of  heat  which 
the  fuel  ia  capable  of  yielding  must  necessarily  be  lost ;  fur  while 
1  gramme  of  charcoal  gives  off  in  burning  to  carbonic  acid 
80S0  units  of  heat  (§  55),  1  gramme  of  carbon  in  burning  to 
carbonic  oxide  gives  off  only  2473  units  of  heat.  The  number 
last  given  is  determined  as  follows.  It  has  been  found,  by  direct 
experiment,  tbat  1  gramme  of  carbonic  oxide,  on  being  burned 
to  carbonic  acid,  yields  2403  units  of  heat;  carbonic  oxide  is 
composed  (§  422)  of  one  atom  of  carbon,  weighing  12,  and  one 
atom  of  oxygen  weighing  It), — the  weight  of  the  molecule  of  car- 
bonic oxide  being  consequently  28*  In  one  gramme  of  carbonic 
oxide,  therefore,  there  can  be  only  1^  =  0*4286  of  a  gramme  of 
carbon;  but  0*428G  :  1  =  2403  :  0^=5607,  wbence  it  appears 
that  there  is  evolved  by  one  gramme  of  carbon  in  cai*bonic  oxide 
5007  units  of  heat  when  thia  carbon  unites  with  the  additional 
oxygen  to  form  carbonic  acid ;  and  the  difference  between  this 
number  (oG07)  and  the  number  (8080)  denoting  the  amount  of 
heat  given  off  by  one  gramme  of  charcoal  in  bxirning  to  carbonic 
scid  will  show  how  much  heat  is  evolved  by  one  gramme  of 
carbon  burned  to  carbonic  oxide:  8080—6607=2473,  as  above 
stated. 

In  order  to  thoronghly  bum  the  carbonic  oxide  in  any  case, 
the  stove  or  furnace  should  be  so  arranged  that  a  volume  of  air, 
as  largo  as  that  which  has  already  passed  through  the  fire,  can 
be  constantly  supplied  to  the  coibonic  oxido  and  nitrogen  as  they 
crocTge  from  the  coal,  and  be  intimately  mixed  with  these  gases 
while  Uiey  are  still  hot 

4341,  The  amount  of  air  needed  for  the  complete  combustion  of 
oool  or  other  fuel  can  always  be  readily  calculated.  We  have 
only  to  determine  how  much  oxygen  will  be  nteded  by  the  com- 
bustible, and  then  how  much  air  must  be  taken  in  order  to  supply 
thia  oxygen.  Let  it  be  supposed,  for  example,  that  we  wish  to 
learn  how  much  air  is  needed  in  order  to  bum  one  kilogramme 
of  charcoal.  Having  learned  the  full  significance  of  the  formula 
CO,,  a  moment*9  consitleration  of  this  formula  informs  us  that, 
every  12  parts  by  weight  of  carbon,  32  parts  by  weight  of 
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oij-^en  are  needed  in  order  to  its  complete  eombnstion,  or,  i 
one  part  of  curbon,  2'67  parts  of  oxygen.  Air  contain«  231  per 
cent,  of  oxygen  by  weight;  hence  the  proportion  23-1 :  100— 
2*67:  J?«  11'558»  from  which  it  appears  that  to  burn  1  kilo,  of 
charcoal,  11*558  kilos,  of  air  are  needed.  Since  the  weight  of  a 
litre  of  air,  at  the  ordinary  temperature,  is  only  1-2258  grm.« 
these  11-558  kilos,  of  air  wiU  occupy  about  9429  litres,  or,  in  other 
words,  nearly  9^  cubic  metres.  In  round  numbers,  it  may  be 
said  that  about  12  kilos.,  or  9|  cubic  metres,  of  air  are  required 
to  burn  one  kilo,  of  charcoal.  For  coke  and  anthracite,  correc- 
tions must,  of  course,  be  made  for  the  ashes  which  they  contain, 
as  well  as  for  a  certain  portion  of  hydrogen  which  may  also  be 
present  If  a  gramme  of  pure  carbon  will  disengage  8080  units 
of  heat,  a  gramme  of  well- burned  coke,  containing  15  per  cent*  of 
ashes,  will  disengage  only  686S  units* 

440,  Chforith  of  Carbon  (CCl^). — Chlorine  does  not  unite  di- 
rectly with  carbon  ;  but  several  compounds  of  the  two  elements 
can  be  obtaint^d  by  subjecting  compounda  of  carbon  and  hydro- 
gen to  the  action  of  chlorine.  Of  these  compounds,  only  the  so- 
called  bichloride  (CCl^)  need  here  be  mentioned,  the  others  being 
usually  treated  of  in  works  upon  organic  chemistry,  Bichloride 
of  carbon  may  be  obtained  by  the  action  of  chlorine  on  marsh- 
gas,  by  subjecting  chloroform  or  wood-spirit  to  the  action  of  aa 
excess  of  chlorine  in  sunlight,  bypassing  a  mixture  of  bisulphide- 
of-carbon  vapor  and  chlorine  through  a  red-hot  porcelain  lube, 
or  by  the  action  of  quinquicUoride  of  antimony  upon  bisulphide 
of  carbon  :■ — 

CS,  +  2Sba,  ^  CCl,  4-  SSbCl,  4-  28. 
At  the  ordinary  temperature  of  the  air  it  is  a  transparent,  color- 
leas  liquid,  of  pungent  aromatic  odor,  boiling  at  77^,  and  ham^ 
a  specific  gravity  of  1-56.  At  —23*  it  solidifies  in  the  form  of 
crystals  of  pearly  lustre.  The  specific  gravity  of  its  vapor  hm» 
been  determined  to  be  76*96,  which  would  indicate  that  a  molo- 
culo  of  the  vapor  is  composed  of  1  atom  of  carbon  and  4  volantesof 
chlorine,  condensed  to  2  unit-volumes  : — 

For,  since  the  weight  of  one  atom  of  carbon  is     .    ,    •    •    •    •      IS 
And  the  weight  of  4  atoms  of  chlorine  is 14S 

The  weight  of  the  two  volumes  of  ga^  produced  would  be     .    .     154 
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And  the  weight  of  I  Tolume  would  be  77,  a  munbeir  with  which  the 
experimental  determiiuition  very  nearly  agree&i 

In  composition^  this  chloride  of  carbon  (CCIJ  is  analogous  to 
the  hydride  CH^  whith  we  have  already  studied  under  the  name 
light  carburetted  hydrog^en«  or  marsh-gas  (§  392),  and  in  the 
same  way  that  the  hydride  may  be  converted  into  the  chloride  by 
acting  ujK>n  it  with  chlorine,  so,  conversely,  the  chloride,  on  being 
brought  into  contact  with  water  and  sodium -amalgam  (§  97), 
may  be  deprived  of  chlorine  and  converted  back  into  the  hy- 
dride,^ — the  hydrogen  of  the  water  being  substitated  for  the 
chlorine,  which,  like  the  oxygen  of  the  water,  unites  mth  the 
sodium. 

441.  Compounds  of  Carbon  and  Nitrogen. — With  nitrogen, 
carbon  forms  a  number  of  highly  interesting  compounds,  which 
may  be  found  treated  of  in  works  upon  organic  chemistry*  Pro- 
minent among  these  compounds  are  cyanogen,  CN  (§  384),  and 
cyanhydric  acid,  HCN.  Cyanhydrio  acid  corresponds  to  chlor- 
hydric  acid  and  the  other  hydrides  of  the  chlorine  group  of  ele- 
XDBllts ;  by  its  action  upon  metallio  oxides  there  may  be  formed 
m  •eries  of  cyanides  of  the  metals,  corresponding  perfectly  with 
tho  metallic  chlorides  :— 

M,0  -h  2H(CN)  =  2M(CN)  +  H^. 
M,0  ^  2Ra       =  2MCI       +  lifi. 

The  group  of  atoms  (CN)  which  constitutea  cyanogen,  acta,  in 
feet,  as  if  it  were  a  sin*?le  element.  In  the  same  way  that  the 
group  XH^,  called  ammonium,  is  capable  of  replacing  a  metal 
like  sodium  (see  §91),  so  the  group  CN  can  replace  chlorine  and 
lie  elements  tillied  to  chlorine*  Groups  or  knots  of  atoms,  such 
I  these,  are  often  called  compound  radicaU,  Cyanhydric  acid, 
or  prussic  acid  as  it  is  sometimes  called,  is  notorious  as  a  violent 
poison.  Many  of  the  cyanides  are  of  great  importance  in  the 
arts,  particularly  in  processes  of  gilding,  plating,  electro  typing, 
and  dyeing,  as  well  as  in  the  preparation  of  pigments.  Some  of 
them  will  be  described  hereafter  under  the  respective  metals. 

442.  Bi^uJphide  of  Cathow  (C8^),  or  sulpho-carbonic  acid,  as 
it  is  often  cxilled,  is  espociaUy  interesting  from  its  correspondence 
with  the  binoxidc  of  carbon,  carbonic  acid,  in  accordance  with  the 
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gener^  rale  that  sulphur  campounfla  are  atialogous  to  the  < 
pounds  of  oxygen.  With  tlie  mtitnllie  sulphides  thiH  conipound 
forms  a  aeriea  of  salts,  of  tlie  general  formula  M^CS^,  or  M  .SX'S^, 
analogous  to  those  formed  hj  the  uniou  of  carbonic  acid  with 
the  metallic  oxides,  the  general  formula  of  which,  as  we  know,  is 
M,C0,orM^O,CO^. 

Bisulphide  of  carhon  may  be  obtained  by  bringing  the  rnpor  of 
sulphur  io  contact  with  red-hot  cbarcoal.  It  la  a  mobile,  colorless 
liquid  of  1*27  specific  granty,  which  refracts  light  powerfully.  It 
boil«  at  45°  and  evaporates  rapidly  at  the  ordinary  temperature  of 
the  air.  The  density  of  its  vapor  ia  38*19,  It  has  a  peculiarly 
fetid  odor,  and  is  very  easily  inflammable,  burning  with  a  blue 
flame  to  carbonic  and  sulphurous  acids.  It  is  not  soluble  in  water, 
but  is  easily  soluble  in  alcohol,  and  is  itself  a  pov^erful  solvent  of 
fats  and  various  other  substances ;  it  has  been,  of  late  years, 
Bomewhat  extensively  employed  as  a  solvent  of  phosphorus  (§  274) 
and  of  chloride  of  sulphur  (§  246)  in  the  cold  process  of  vulcanizing 
caoutchouc*  Mixtures  of  its  vapor  with  oxygen,  air,  nitric  oxide, 
and  other  gaseous  oxygen  compounds  burn,  without  violent  ex- 
plosion, with  a  sudden  brilliant  flash  of  intensely  blue  light,  Thia 
flame  is  remarkable  for  its  great  actinic  power ;  it  acts  verj'  ener- 
geticaDy  upon  a  prepared  dsiguerreotype  plate,  and  causes  a  mix- 
ture of  hydrogen  and  chlorino  to  combine  almost  as  readily  u 
sunlight  would  (Exp.  53), 

Exp.  21a— Fill  a  tall  bottle*  of  the  capacity  of  700  or  800  c.  c,  with 
nitric  oxide  gas,  at  the  water-pan  ;  cover  the  bottle  with  a  p^ate  of  itfliUA 
and  staad  it  upright  upon  the  table  ;  draw  the  cover  aside  far  enou;rh 
to  admit  of  the  intru  duct  ion,  from  a  pipette,  of  8  or  10  c.  c.  of  U.^uid 
Hsulphide  of  cjirbon  ;  replace  the  cover  Rnd  leave  the  bottle  at  mit 
for  a  few  minuter,  in  order  thiit  the  vapor  of  the  bisulphifle  iiiav  hive 
iiiue  iodiHuse  through  tlie  nitric  oxide.  Finallv,  touch  a  li'/l)»**d  ?»t«*ch 
to  Uiu  oj/cned  muutn  oi  ino  lx»tU«?  fcyiUoDserve  tne  lioJUiiikt  iliuue  wluui 
IB  produced. 
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440.  Boron  is  an  element  ot  tnestime  naiiiral  fdmily  as  cnrbori- 
It  is  found  in  nature,  in  combination  with  oxygen,  aa  boracio 
acid,  and  in  combination  with  oxygen  and  some  of  the  metals — 
fiotitblj  Ds  a  biborate  of  sodium,  commonly  called  borax^  and  as  a 
double  borate  of  sodium  and  of  calcium. 

In  certain  Tolcanic  districts  in  Tuscany,  jete  of  steam  mixed 
with  other  vapors  escape  continually  &om  cracks  in  the  soil,  and 
bxing  to  the  surface  email  quantities  of  boracic  acid.  Since  boraoic 
acid  is  not  Yolatile,  in  the  ordinary  sense  of  the  term,  at  tempera- 
tures so  low  as  100^,  it  appears  that  it  is  transported  mechanically 
by  the  steam,  much  in  the  same  way  that  dust  is  carried  along 
by  a  current  of  air.  The  jets  of  Tapor,  laden  with  boracic  acid, 
are  made  to  bubble  through  water  as  they  escape  from  the  earth; 
this  water  retains  the  acid,  and  so  concentrates  it  to  a  very  con- 
aiderable  extent.  After  the  water  has  become  as  highly  charged 
with  the  acid  as  has  been  found  in  practice  to  be  desirable,  it  ia 
off  into  pans,  lower  down  upon  the  hill -side,  beneath  which 
lot  jets  of  vapor  from  the  earth  are  caused  to  circulate.  The 
excess  of  water  is  thus  evaporated  by  heat  which  the  earth  sup- 
plier, and  the  solution  becomes  so  concentrated  that^  on  cooling, 
crystals  of  boracic  acid  separate  from  it.  About  120  millions  of 
kilogrammes  of  water  are  thus  evaporated  annually,  and  1,300,000 
Idlogrttmnies  of  boracic  acid  produced  without  the  intervention  of 
any  artificial  motor  or  the  consumption  of  any  fuel.  After  having 
been  purified,  the  boracic  acid  is  sent  into  commerce  as  such,  or 
it  is  treated  with  a  hot  solution  of  carbonate  of  sodium,  and  so 
oonTerted  into  borax. 

Besides  this  principal  source  of  the  boron  compounds,  a  certain 
quantity  of  native  borax  is  obtained  from  the  mud  and  waters  of 
certain  lakes  in  Tartary,  Ceylon,  Thibet,  and  California.  In 
Peru,  also,  a  mineral  composed  of  borate  of  sodium  and  borate  of 
calcium  is  found  associated  with  nitrate  of  sodium. 
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444.  Tlie  element  boron  has  been  obtained  in  two  distinct  ^lo- 
tropic  conditions  (§§  162,  366)  comparable  with  those  of  carbon. 
It  can  be  had  amorphotis  like  charcoal,  and  crystallijEOfi  like  the 
diamond. 

To  prepare  the  diamond-like  modification^  fused  boracic  acid  m  in* 
tensely  heated  with  metunic  aluniirmm ;  a  portion  of  the  aluminum 
takea  oxygen  away  from  thehoroOj  while  another  portion  of  the  molten 
melal  disaolves  this  boron  aa  faat  as  it  is  formed.  As  soon  as  tho 
solution  haa  become  saturated  (that  is  to  say,  when  the  melted  iiltt- 
minum  has  dissolved  all  the  boron  that  it  is  capabie  of  dissolving K  • 
poilion  of  this  boron  is  deposited  in  diamond-like  crystals.  When  tb# 
cnicible  and  its  contents  are  broken  up  after  cooling,  these  crystals  are 
found  lioiiif^  cavities  within  the  ma$!S. 

The  amorphouM  modiH cation  may  be  prepared  by  heating-  togeither 
boracic  acid  aiid  metallic  sodium  or  potassium  beneath  a  layer  of  fused 
chlovide  of  sodium*  After  having  been  allowed  to  cool,  the  products 
of  the  reaction  are  treated  with  water,  which  dissolves  away  the  chkn 
ride  and  the  borate  of  sodium,  and  leaver  the  boron  as  an  amorphouia 
powder  which  may  be  collected  upon  a  filter. 

A  third  variety  of  boron,  similar  to  ^aphite^  was  at  one  time  d^ 
•cribed  :  but  recent  ex perimi'ut^  have  shown  that  the  so-called  graphi* 
toidal  boron  ia  reidly  a  boride  of  aiuminum  (AIB^)* 

445.  Of  the  propertiea  of  these  varieties  of  boron,  little  need 
here  be  said  ;  they  are  nnalogotis  to,  and  closely  rosemble,  tha 
corresponding  modifications  of  carbon,  which  have  already  been 
fully  described.  The  diamond  modification  is  transparent,  and 
sometimes  colorless,  though  nsnaUy  of  a  yellow  or  reddish  ctjior. 
It  crystallizes  in  the  earn©  forms  as  the  real  diamond,  and  refracts 
light  very  powerfully.  Its  specific  gravity  is  2-6S.  It  is  almost 
as  hard  as  the  real  diamond,  being  capable  of  scratching  the  ruby, 
and  even  of  polishing  the  diamond.  It  is  only  with  extreme 
difficulty  tliat  it  can  be  burned  in  oxygon,  since  a  coating  of  bomcic 
acid  soon  forms  which  protects  it  from  further  action  of  the  oxy- 
gen. It  is  remarkable  that  at  the  moment  of  its  combuation  it 
swells  up  as  the  diamond  does  when  intensely  heated.  Amor- 
phous boron  is  an  infusible  greenish  powder,  which  readily  takes 
fire  on  being  heated  in  air  or  oxygen.  It  is,  in  fact,  nece^ary,  in 
preparing  it,  to  take  care  that  the  filters  upon  which  it  has  been 
collected  shall  be  dried  at  low  temperaturea,  lest  the  finely  divided 
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bmnn  take  fire  tpcmtaneously;  if  exposed  to  the  6Ud*s  rsys  in 
suinmor,  the  filters  containing  boron  will  often  take  fire  as  8oon  aa 
they  have  become  dry.  Unlike  the  other  modification  of  boron,  it 
iM  readily  attacked  by  moat  chemical  agents.  Like  the  correspond- 
ing modification  of  carbon,  it  is  an  energetic  reducing  agent 

No  compound  of  boron  and  hydrogen  has  yet  been  discovered, 
but  it  unites  readily  with  chlorine i  bromine,  and  iodine ;  it  can 
be  made  to  combine  also  with  fiuorine,  nitrogen,  and  sulphur. 

446,  Tlie  best-known  of  the  compounds  of  boron  is  the  oxide 
BjOj,  called  boracic  acid.  This  oxide  occurs  ready  formed  in  na- 
ture, as  has  been  said,  and  is  the  sole  product  when  boron  is  burned 
in  oxygen.  The  composition  of  boracio  acid  may  be  determined 
aynthcticnny  by  burning  amorphous  boron  in  pure  oxygen,  or  by 
treating  it  with  nitric  acid.  A  certain  definite  weight  of  boron 
being  taken  in  the  first  instance,  the  weight  of  the  dry  boracio 
acid  obtained  is  carefully  determined,  and  from  these  data  the 
percentage  composition  of  the  boracic  acid  is  calculated;  100 
grammes  of  boracic  acid  consist  of 

Oxygen    .....,,«.    68*78  gnunmesi 
Boron  .    .    •    • 31*32        „ 

From  the  specific  gravities  of  the  vapors  of  chloride  of  boron  and 
of  fluoride  of  boron,  as  determined  hy  experiment,  and  from  some 
other  rather  inconclusive  considei'ations  which  need  not  here  be 
dwelt  upon,  chemijsts  have  been  led  to  admit  that  the  atomic  com- 
position of  boracic  acid  may  be  represented  by  the  formula  B^O,, 
If  boracic  acid  be  really  composed  of  3  atoms  of  oxygen  and  2 
atoms  of  boron,  the  weight  of  the  atx>m  of  boron  will  follow  from 
the  proportion  68'78  :  iil'32=(16  x  3) :  x,  in  which  16  equals  the 
weight  of  an  atom  of  oxygen  and  d?  the  weight  of  two  atoms  of 
bo  rem.  Upon  this  assumption,  the  weight  of  one  atom  of  boron 
will  be  10-93. 

447.  Boracic  acid  is  but  a  feeble  acid  at  the  ordinary  tempera- 
ture, and  may  be  set  free  from  its  oompounds  by  almost  any  of 
the  acids,  excepting  carbonic  acid. 

Ejp.  2lt5,— Dissolve  4  grms.  of  borax  in  10  grms.  of  boiling  wfttefi 
in  a  beaker  glaae  or  porceUin  capaule  of  30  or  40  c.  c.  capacity,  and 
add  to  the  solution  2'b  grms.  of  ooncimtrated  clilorh)dric  acid.    After 
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the  lapae  of  some  time,  hrdrated  boracic  add  will  be  deposited  ftdm 
the  aolutirm  in  tlit*  form  of  jjlUteninfj^,  colorless  plnt-ea  or  scjiJes.  These 
crystJils  canUin  a^  much  na  43  6  per  cent,  of  water;  their  formula  is 
H;B0„  or,  dualiatic,  3II3O,  B^O,, 

On  being  heaS^ed  in  a  clean  iron  Bpoonp  the  cirstals  wiD  first  dissolve 
in  the  wator  which  they  contain,  or,  as  the  fact  is  usually  stated,  thej 
will  "  nit*lt  in  thdr  water  of  crystallization ; "  if  the  heat  b*?  continued, 
the  Taasa  wil!  become  pasty,  and  will  swell  up  as  the  water  U  expelled. 
After  all  the  water  has  been  driven  off  by  •strong'  heat,  the  nnhydroui 
acid  is  left  a»  a  clear,  viscous  liquidt  from  which  lonji^  thivadf  of  the 
solid  aL'id  may  be  drawn  mit  by  touching  the  sui-face  nf  the  liq^uld  with 
the  end  of  a  stick  or  glass  rod,  and  then  geutly  pulling'  awaj  tbo  stiek 
with  the  matter  which  haa  adhered  to  it 

If  the  fused  acid  be  allowed  to  cool,  it  will  solidify  to  a  hard,  tntnt* 
parent  glass,  which  soon  cracks  in  every  direction  and  splits  up  mto 
frfl^ients. 

Anhydrous  boracic  acid  is  of  about  1*8  specific  gravity; 
odorless  and  destitute  of  corrosive  power ;  it  has  a  sli subtly  bitter, 
but  not  sour,  taste.  It  is  much  more  soluble  in  hot  than  in  cald 
water,  and  more  soluble  ia  alcohol  than  in  water.  It  imparts  to 
the  flame  of  burning  alcohol  a  peculiar  green  tint,  which  is  quite 
characteristic »  and  affords  a  valuable  test  by  which  the  presefuce 
rf  the  acid  may  bo  detected.  'D'pon  litmus  and  turmeric,  boracie 
acid  acts  somewhat  differently  from  other  acids. 

^J7?/ 217.— Dissolve  a  little  of  the  crystallized  boracic  acid  of  Exp» 
216,  in  a  tea^tpoonftd  of  alcohol  in  a  small  porcelain  capsule.  Set  fir* 
to  the  alcohol  and  stir  the  burning  solution  with  a  rod,  or  agitate  it  by 
jarriniT  the  dish.  Or  moisten  a  tuft  of  cotton  with  alcohol,  strew  upon 
it  some  powdered  boracic  acsd^  and  light  the  alchohoU  In  either  cum 
the  flame  of  the  alcohol  will  be  of  a  fine  green  color. 

E.Tp,  218, — Pour  into  a  test-glass  20  or  30  c.  c.  of  a  solutioD  of  blue 
litmus;  in  a  small  quantity  of  water,  contained  in  another  t«fit-glaai 
or  tubet  dissolve  a  little  of  the  boracic  acid  of  E\p,  21G;  add  the 
solution  of  boracic  acid  to  the  litmus,  and  observe  that  th©  color  of 
the  Inttef  changres  to  a  brownish  wine-red,  decidedly  ditferent  from  tht 
brij*ht  clear  red  which  is  obtained  by  the  action  of  other  acids  upon 
litmus.  If  a  large  quantity  of  boracic  acid,  however,  bo  addt^d  to  a 
small  portion  of  the  litmus  solution^  the  latter  will  be  colored  strongly^ 
as  if  by  a  powerful  acid. 

&lh  2lR^Dip  into  a  solution  of  boracic  acid  a  slip  of  yellow  tur- 
meric paper,  and  observe  that  the  yellow  cOilor  ia  dianged  to  browa, 
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««  it  would  be  by  ammoma-water  or  by  any  other  alkalioe  solutioti. 
None  of  the  other  acid^  produce  a  like  effect. 

448.  When  an  aqueous  solution  of  boracic  acid  is  boiled,  an 
appreciable  quantity  of  the  acid  goes  off  with  the  vapor  of  water  ; 
but  the  dry  acid,  when  heated  by  itself,  is  nevertheless  one  of 
the  least  volatile  of  all  the  acids.  It  does  slowly  anblirae,  however, 
at  a  white  heat»  and  may  be  completely  evaporated,  if  left  for  a 
long  time  in  the  hottest  part  of  a  porcelain  furnace.  As  a  oon- 
aeqiience  of  thia  fixity,  or  lack  of  volatility,  it  follows  that  boracic 
acid  ia  a  comparatively  powerful  acid  at  temperatureB  high  enough 
to  Tolatilize  the  ordinary  acids.  On  being:  heated  with  nitrates, 
or  sulphates,  for  example,  it  quickly  expels  nitric  or  sulphuric 
8cid»  and  unites  with  the  other  ingredients  of  the  salt,  though 
either  of  these  acids  would  at  once  decompose  the  borate  thus 
formed,  if  they  were  collected  and  added  to  it  at  the  ordinary 
temperature.  Even  phosphoric  acid  is  expcUed  by  it  from  tho 
phosphates. 

449,  Chhride  of  Boron  (BCl,)  is  a  eolorless^  mobile  liquid,  of 
1*35  specific  gravity,  which  boils  at  17°.  The  specific  gravity  of 
its  vapor  has  been  found  to  b^  58*78,  a  result  which  points  directly 
to  the  formula  ECl,  as  representing  the  true  composition  of  the 
oompound. 

From  the  weight  of  2  vols,  of  chloride  of  boron  (68'78x2)  .  117'6d 
Subtract  the  w.i^rbt  of  3  vols,  of  chlorine  (36-5x3}       •    *     .  106*50 

and  the  remainder  will  be ...     - H'OG 

a  Bumber  almost  precisely  equal  to  the  weight  of  one  atom  of  boron 
M  previously  determined  (f  4441). 

Upon  being  mixed  with  water,  chloride  of  boron  decomposes,  with 
formation  of  boracic  and  chlorhydnc  acids : — 

2BCI3  +  3H,0  =  B,0,  -h  6Ha 

Chloride  of  boron  may  be  prepared  by  slightly  heating  amorphous 
boron  in  an  atmosphere  of  chlorine,  or  more  readily  by  passing 
a  current  of  chlorine  over  a  mixture  of  anhydrous  boracic  aeid 
and  charcoal,  heated  to  redness  in  a  porcelain  tube.  In  presence 
of  tlie  hot  charcoal  which  sUnda  ready  to  take  oxygen  from  the 
boracic  acid,  chlorine  can  take  boron  away  &om  boracic  acid ;  and, 
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conversely,  in  presence  of  the  chlorine,  ready  to  comlime  with  Aa 
boron,  carbon  can  take  away  oxygen  i — 

B^O,  ^  3C  +  OCl  =  2Ba,  +  3C0. 

The  method  here  described,  of  converting  an  oxide  into  a  chloride 
through  tho  intervention  of  carbon,  is  a  method  of  very  general 
applicability,  aodia  often  employed  for  the  preparation  of  chlorideft 
of  the  metals. 

450,  Fluoride  of  Boron  (BFlJ  is  a  colorless  gas  of  34*19  spe- 
cific gravity*  as  detennined  by  experiment  Upon  the  aamimp- 
tion  that  an  atom  of  boron  weig^ha  11,  ita  specific  gravity  would 
be  (ll-h3x  19)-r^=34-  It  fumes  strongly  in  damp  air,  and, 
by  pressure,  may  be  readily  conden&ed  to  a  colorless  and  very 
mobile  liquid.  The  gas  is  exceedingly  caustic  and  corrosive  ;  it 
carbonizes  and  destroys  wood  and  other  organic  substancc^a,  in 
the  same  way  as  concentrated  sulphuric  acid.  As  with  sulphuric 
acid  (Exp.  104),  so  here,  tho  fluoride  of  boron  unites  with  the 
element*  of  water  which  are  contained  in  the  organic  matter,  wad 
the  integrity  of  the  latter  is  destroyed, 

451.  Fluoride  of  boron  is  absurbed  by  water  rapitlly  and  ill 
large  quantity,  1  volume  of  water  being  capable  of  dissolving  700 
or  800  volumes  of  the  gas ;  but  in  tlio  act  of  solution  decom- 
position occurs  as  well,  and  there  is  obtained,  not  a  simple  solutioa 
of  fluoride  of  boron  in  water,  but  a  mixture,  or  rather  a  com- 
pound^ of  iluorhydric  and  boracic  acids : — 

The  reaction  ia  interesting  in  all  its  fstagcs,  inasmuch  as  it  well 
illusl  rates  the  vjigueness  and  indetiiiitonees  of  a  considerable  class 
of  chemical  reactions.  When  w^ater  dissolves  fluoride  of  boron, 
it  increases  in  bulk  to  a  considerable  extent,  and  in  density  also, 
its  specific  gravity  rising  m  lugh  as  1'77.  Upon  warming  the 
saturated  solution,  some  fluoride  of  boron  is  again  disengaged* 
perhaps  as  much  as  one -fifth  of  all  that  had  been  absorbed ;  bat 
on  continuing  to  heat  the  solution,  it  distils  over  unchanged,  and 
the  condensed  liquid  presenin  the  appeai^ance  of  oil  of  %'itriol.  In 
it  the  elements  of  boracic  and  fluorhydric  acids  are  undoubtedly 
iheld  together  in  a  loose  condition  of  chemical  combination.  By 
laany  chemists  the  compound  is  called  fluoboric  acid,  though,  in 
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order  to  aroid  conftrsion,  it  would,  perhaps,  he  better  if  the  narrse 
fluorhydrat^  of  boraeic  acid  were  allotted  to  it ;  for  when  this 
compound  is  krgelv  diluted  with  water,  boraeic  acid  is  deposited, 
and  another  add  compound  is  left  in  solution »  the  composiition  of 
which  may  be  represented  by  the  formula  HFI,BF1,.  Thi«  new 
acid  18  called  indifferently  fluoboric  acid  or  fluorb<:)rhydnc  acid, 
and  the  »alt8  formed  by  its  union  with  metals  are  called  ftuobo- 
rates.  It  is  remarkable  that  the  first -named  coro  pounds  tbc  flnor- 
hydrate  of  boraeic  acid,  upon  being  neutralized  with  alkfdies, 
yields^  not  mixtures  of  a  borate  and  a  fluoride  of  the  alkali  em> 
ployed,  but  true  chemical  compounds,  double  salts,  of  the  general 
formula  M^O^B^O,;  6ilPi»  whence  the  name  fluoboric  acid  has 
arisen.  The  best  way  of  preparing  the  fluorbydrate  of  boi*acic 
Boid  ia  to  dissolve  boraeic  acid  by  amall  portions  in  flnorhydric  acid. 
Fluoride  of  boron  may  be  itself  prepared  by  heating  in  a  glass 
flaak  a  mixture  of  1  part  of  fused  boraeic  acid,  2  parts  of  powdered 
flttorspar^  and  10  or  12  part*  of  concentrtited  sulphuric  acid : — 

3CaFl,  +  B,0,  +  3H/0,  =  3CaS0^  +  3H,0  +  2BF1,. 

On  account  of  its  easy  solubility  in  water,  the  gas  must  be  col- 
lected over  mercury*  Fluoride  of  boron  may  be  employed  aa  a 
test  to  determine  whether  a  given  sample  of  any  gas  is  completely 
dry ;  if  a  few  bubbles  of  it  are  added  to  the  gas  to  be  tea  led,  the 
slightest  trace  of  moisture  in  the  gas  will  be  made  maniiest  by 
the  apijearance  of  white  fames  of  the  fluorbydrate  of  boraeic  acid 
above  described, 

452.  Sidjthide  of  Boron  (B^^S^)  ia  a  white,  crystalline  solid,  de- 
oompoeable  by  water,  in  accordance  with  the  following  formula  ;— 

B.8,  +  3H,0  =  B,0,  4-  3H,8. 
It  may  be  prepared  by  passing  a  current  of  8uliib:de-of-carbon 
▼apor  over  a  mixture  of  boraeic  acid  and  charcoal  strongly  heated 
in  a  porcelain  tube, 

453,  NltriiU  of  Boron  (BN)  is  a  soft,  white,  amorphous  solid, 
tasteless,  oderless,  infusible,  and  non-volatile.  It  is,  in  general, 
l>ut  little  acted  upon  by  chemical  agenta. 

4M^  It  will  be  remarked  that  while  boron  is  closely  analogous 
in  many  resjiects,  it  ditfi-rs  fmrn  it  decidedly  in  others. 
irhile  in  their  allotropic  modifications  the  two  element«  are 
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almost  precisely  alike  in  appearance  and  properties,  and  while 
miiriy  of  the  salts  of  boracio  acid  are  strikingly  fiimilar  to  the 
correspoudiog  carbonates,  thR  compounds  of  boron  are  not  com- 
parable as  reg^ards  their  composition  with  tho  compounds  of  r^ir- 
bon.  While  one  atom  of  carbon  unites  by  preference  with  fonr 
atoms  of  any  niember  of  the  chlorine  group  (as  in  CCl^),  or  with 
two  atoms  of  any  member  of  the  sulphur  group  (as  in  00^),  an 
atom  of  boron  unites  with  only  three  atoms  of  chlorine  (BC1^)»  or 
two  atoma  of  it  unite  with  three  atoms  of  oxygen  or  eulpbnr 
(as  in  B^Oj).  The  exceptional  character  of  the  composition  of 
Doron  compounds  will  appear  still  more  clearly  in  the  next  chapter, 
where  it  will  bo  shown  that  silicon,  the  third  member  of  the  car- 
bon group,  resembles  carbon  as  regards  the  atomic  composition 
of  its  compounds,  as  well  as  in  other  respects.  The  atomic  weight 
of  boron  above  given  (§446)  cannot  be  accepted  as  eAtabUiiihed 
beyond  a  doubt,  and  it  may  happen  that  further  investigation  will 
show  that  the  boron  comi>ounds  are  really  formed  upon  the  same 
typo  or  pattern  as  those  of  carbon  and  silicon  ;  but  in  face  of  tho 
experimentiil  evidence  now  at  hand,  this  view  cannot  be  main* 
tainod.  In  the  meantime  the  student  will  better  understand 
the  physical  and  chemical  properties  of  boron  and  its  compounds, 
if  this  element  is  studied  in  company  with  carbon  and  siliooo, 
which  it  BO  closely  resembles,  than  if  it  were  described  in  con- 
nexion with  arsenic,  antimony,  and  the  other  elements  of  the 
nitrogen  group,  which  form  ter oxides  and  terchloride^  indeed, 
but  which  present  not  the  least  other  analogy  to  boron,  either  in 
the  simple  or  the  compounded  condition. 
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455.  Like  carbon,  silicon  may  be  obtained  in  three  distinct 
alio  tropic  conditions,  which  have  been  designated  as  amorphous, 
diuniond-like^  and  graphitoidal.  After  oxygen,  it  is  the  most 
abundant  and  widely  diffused  of  all  the  ohemioal  elements ;  at 
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least  one  quarter  of  the  solid  crust  of  the  earth  is  oomposed  of  it. 
In  combination  with  oxygen,  it  occurs  in  silicic  acid»  wbitih  is  ontj 
of  the  commonest  «ulistarices  upon  the  surface  of  the  globe- 
Common  quarts  and  Bint,  as  well  as  rook-crvstal^  agate,  and  the 
like,  are  pure  silicic  acid.  The  yellow  »and  of  sea-beaches  and  of 
many  stenle  trticts  of  country  Is  silicic  acid  contaminated  with  a 
trace  of  oxide  of  iron.  lu  like  manner,  sandstones  and  a  great 
rariety  of  other  rocks  are  mainly  composed  of  it 

In  order  to  obtain  pme  silicout  the  following  methods  maybe  em* 
ployed: — When  metallic  potassium  is  heated  with  a  dotible  comptumd 
«f  Euoride  of  potassium  and  fluoride  of  silicon,  known  as  tiuosilic^te 
of  potassium^  a  Tiolcnt  reaction  occurs,  fluoride  of  potassium  is  formed 
and  dlicon  mi  free  in  the  amorphous  state, 

KFl,Sin,  +  4K  =  5KF1  +  Si; 
Dg  with  water,  the  silicon  may  then  be  readily  freed  from  the 
of  potas^um*  which  is  soluble.  The  graphitoidal  modiliratton 
of  BiUcon  can  bo  prepai*ed  either  by  heating  the  amorphous  variety 
Tery  strongly,  in  which  ereat  the  powder  contracts  upon  itst^lf  and 
becomes  much  more  dense,  or  by  melting  together  in  a  crucible  a  mix- 
tnte  of  melAllic  aluminum,  in  excess^  and  tluosilicate  of  potassium ;  a 
fusible  doable  fluoride  of  aluminum  and  potas^um  is  fonned,  and  the 
nJicoQ  thus  set  free  dUsolves  in  the  melted  aluminum.  If  the  alumi- 
mtm  be  disaolved  away,  after  the  mass  baa  b^-come  cold,  by  moan»  of 
cMorhy<lric  add,  the  isiUcon  will  be  left  in  the  form  of  hr\H'fnnAl  Mi-^les. 
Still  a  third  method  must  be  resorted  to,  in  onler  to  obtain  the  dia- 
mond-like moditication  of  sihcon ;  a  raixtiu*©  of  dry  fJuoiFihcate  of 
potji.«3ium,  metallic  zinc,  and  metallic  sodium  is  thrown  into  a  hot 
crucible^  the  ma.^  is  covered  with  a  layer  of  fluosilicate  of  potas-ium^ 
and  the  crucible  covered.  A  lively  reaction  ensues,  and  the  mixture 
within  the  crucible  fuses ;  the  fused  mass  is  then  stirred  with  an  iron 
fod  until  the  zinc  begins  to  escape  as  vapor.  The  crucible  is  then  re* 
moved  from  the  lire  imd  allowed  to  cool ;  within  it  there  will  bt*  found 
a  button  of  metallic  zinc  filled  with  long  crystals  of  silicon,  which  caa 
readily  be  isolated  by  orfeolving  the  xtnc  in  chlorhydric  acid. 

4oG.  The  amorphous  variety  of  silicon  is  a  brown  powder* 
which,  when  touched,  soils  the  fingers.  It  may  be  melted  at  a 
temperature  not  far  from  that  at  which  cast  iron  becomes  liquid, 
Wlien  mixed  with  common  salt  and  exposf  d  to  a  degree  of  heat 
ftrong  enough  tn  volatilise  the  talt,  amorphous  silicon  changes  to 
Ihi?  graphitoidal  variety,  as  has  been  already  remarked.     Amor- 
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jihous  silicon  burns  readily  in  the  aii*  and  in  oxygen.  It  is  nat 
acted  upon  by  a<:ida,  excepting  tluorhydric  acid,  which  di&solvfss 
it  with  cUsengiigement  of  hydr^jgon. 

Graph itoidal  silicon  is  very  similar  to  true  graphite ;  it  C17B- 
tallizes  in  Instrous  hexugonal  plates  of  a  leaden-^ray  color,  ftnd 
IB  an  excellent  conductor  of  electricity.  It  is,  however,  madi 
harder  than  graphite.  By  exposing  it  to  an  exeei^di ngVy  high 
temperature,  it  can  be  transformed  to  the  diamond-like  condition. 
The  diamond-like  modification  of  silicon  occurs  in  the  form  of 
regular  octahedral  crystals,  exhibiting  a  decided  metallic  lustra. 
The  specific  gravity  of  these  crystals  is  2^49.  They  are  leas 
hard  than  the  corresponding  crystals  of  carbon  and  boron,  and 
melt  at  the  same  temperature  at  which  cast  iron  melts. 

Either  graph itoidal  or  diamond -like  silicon  may  be  heated  to 
rtjdnesa  in  oxygen  gas  without  burning  to  any  appreciablo  extent, 
lor  a  film  of  silicic  acid  is  formed  which  protects  the  remainder 
of  the  silicon  and  prevents  it  from  being  consumed ;  but  if  the 
silicon  be  heated  together  with  a  substance  capaljle  of  furnishing 
oxygen  in  presence  of  a  base  competent  to  unite  with  silicic  acid 
and  form  a  fusible  silicate^  it  can  readily  be  oxidized  and  con- 
verted into  a  silicate.  Thus,  when  heated  to  intense  redncsa 
with  carbonate  of  sodium,  it  decomposes  the  latter  with  evolutioii 
of  light  and  heat,  and  there  is  produced  silicate  of  sodium,  while 
carbon  is  set  free ; — 

Na,0,CO,  +  8i  =  Na.O,SiO^  +  C. 
In  a  similar  way,  if  silicon  be  heated  in  very  concentrated  aolu- 
tioiis  of  caustic  potash  or  soda,  water  Tvill  be  decomposed  and  a 
silicate  of  potassium  or  of  sodium  formedi  while  hydrogen  is  aet 
free : — 

SNaHO  4-  HP  +  Si  =  Na^SiO^  +  4H, 

Diamond-like  silicon  is  not  attacked  at  the  ordinary  temperattir© 
by  any  of  the  acids,  excepting  a  mixture  of  fluorhydric  and  nitric 
acids,  by  which  it  is  converted  into  fluoride  of  silicon.  Hot 
chlorhydric  acid  gas,  as  well  as  chlorine,  attacks  it  readily. 

457.  iSilu'on  and  Hydrogen  (SiH,)»^ — A  guseous  compound  of 
these  elements,  called  sUiciuretted  hydrogen,  may  be  ohtain<^d, 
mixed  with  free  hydrogen,  by  acting  upon  silicide  of  magnesium 
(M^jSi)  with  chlorhydiic  acid;  other  methods  of  preparing  ibis 
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ga«  give  a  purer  product.  It  U  a  colorleas  gas^  which  takes  firo 
spotitaueoudy  on  coruing  in  contact  with  the  air,  and  burns  to 
silicic  acid  and  water.  On  being  heated  in  a  tube,  out  of  contact 
with  the  lur,  it  is  decomposed  into  free  hydroo:en  and  Iree  silicon, 
and  the  latter  is  deposited  upon  the  walU  of  the  tube  as  a  shining 
mirror^  similar  to  the  mirrors  of  arsenic  and  antimony  obtained 
in  Exps.  133,  13G. 

Silicon  and  O^ffffen, — ^Two  compounds  of  these  elements  have 
been  discovered,  though  but  one  of  ihera  is  ae  yet  well  known. 

45iS*  Ovide  of  Silicon  is  described  as  a  white,  amorphous, 
hydra  ted  sub&tance,  so  light  that  it  floats  upon  water ;  it  may  be 
obtained  by  treating  with  water  at  0®  the  compound  of  silicon, 
hydrogen,  and  chlorine  described  in  §  472 ;  its  composition  ia 
probably  that  i-epreseuted  by  the  formula  Si^KjO^,  It  is  scarcely 
at  all  acted  upon  by  cold  water ;  but  in  presence  of  alkalies  it 
decomposes  water  rapidly,  with  evolution  of  hydrogen  and  forma- 
tion of  the  higher  oxide  of  silicon,  silicic  acid,  directly  to  be 
described.  At  temperatures  above  300*^  it  suffers  decomposition, 
breaking  up  into  silicic  acid  and  siliciuretted  hydi'ogen.  It  bums 
brilliantly  in  the  air.  and  still  better  in  oxygen.  None  of  the 
acidSf  excet>ting  fluorhydric  acid,  hiive  any  action  upon  it. 

45d,  Silicic  Acid  (SiO^^)  constitutes  at  least  one  half  of  the 
crust  of  the  earth.  Besides  being  thus  abundant,  it  is  one  of  the 
iiiost  important  acids  known,  regarded  merely  as  a  chemical 
agent.  It  is  found  everywhere,  sometimes  free,  as  quartz  and 
Mind,  sometimes  in  combination  with  metallic  o^des,  in  the  form 
of  salts  known  as  silicates.  It  occurs  more  or  less  abundantly 
in  all  soils,  plnnts,  and  waters,  while  rocks  like  granite  and 
earths  like  clay  are  largeJy  composed  of  it.  The  common  mine- 
rals feldspar  and  mica  are  double  silicates  of  aliiminum  and 
potaj<8ium,  and  of  aluminum,  iron,  and  potaiisium  respectively. 
In  plants,  the  silicic  acid  (or  silica,  as  it  is  often  called)  is  con- 
tained particularly  in  the  outer  covering  of  the  stalks  and  the 
busks  of  grain.  Tbe  cuticle  of  rattan,  for  example,  contains  a 
large  proportion  of  silica,  and  the  same  remark  is  true  of  most 
of  the  gnissei*  and  grains.  The  value  of  the  plant  called  horeo- 
lail  {Kfiui^tttum)  as  a  polishing  or  scouring  agent  depends  upon 
tbe  lai^  quantity  of  sihca  contained  in  it. 
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400.  Silicic  acid  occurs  in  at  least  two  distinct  isomerio  inodfi- 
fioations, — in  one  of  which  it  is  completely  insoluble  in  vvAter  and 
in  acids,  excepting  fluorhjdric  acid,  and  is  only  slowly  8olub)c  * 
boiling  potash-lye ;  while^  when  in  the  other  modificiition,  it  dis- 
solves easily  in  a  solution  of  potash^  and  may  he  retained  in  solu- 
tion in  considerable  quantities  both  by  water  and  by  acids*  Rock 
crysUil,  as  it  is  found  in  nature,  may  be  regarded  as  the  type  of 
the  first  or  insoluble  modification^  and  the  soluble  variety  may  b€ 
prepared  artificially  by  treating  the  solution  of  some  one  of  the 
Boluhle  silicates  with  chlorhydric  or  sulphuric  acid, 

Exp,  220, — In  ti  block  of  charcoal  12  or  15  c.m.  lonir  by  4  or  5  cm, 
wide  and  tbiclc^  scoop  out  a  small  cup-ahaped  cavity  hirge  enough  to 
hold  a  pea ;  pLict*  in  this  cavity  a  fragment  of  amorphous  qunri^  or 
flint,  and  lieat  it  ialen?ely  by  Dieann  of  the  blowpipe  (Kxp.  *2i)'2)  during 
sevei-al  miniitefi.  When  t!ie  quartz  has  become  red-hot,  suddenly 
throw  it  from  the  eoid  into  a  dish  of  cold  water  j  it  will  bn.ak  up  into 
nuraerouR  small  fravmfuLs  or  become  tilled  with  a  multitude  of  cracks^ 
ftnd  enn  h-^oet?  b»*  readily  pulverized.  Grind  the  broken  quartz  to  fine 
powder  in  a  wedgwood,  or*  better,  in  an  iron  or  agate  mortar;  weigh 
out  1  prm.  of  the  powder,  &ho  2  grma,  of  caustic  soda,  and  to  the  mix- 
ture of  these  in^'-ndients  add  8  or  10  c.  c.  of  water.  Boil  the  mixture 
in  a  porcelain  dish  for  an  hour  or  two,  taking  care  to  add,  from  time  to 
time,  water  enough  to  supply  that  lost  by  evaporation ;  then  pour  the 
solution  into  a  tall,  narrow  bottle,  and  leave  it  at  rest  until  the  undis- 
iolved  portions  of  silica  have  settled  and  the  liquid  has  become  clear. 
The  highly  alkaline  solution  thus  obtained  may  be  regarded  cither  as 
K&  aqueous  solution  of  h/isic  silieate  of  sodium,  or  as  a  soliitioa  of 
normal  silirate  of  sodium  in  the  soda- lye, 

Jutp.  22\. — To  one-third  part  of  the  solution  obt/iined  in  Exp,  220 
add  10  or  12  time.'*  its  hulk  of  water,  and  to  this  solution  add  dilole 
chlorhydric  acid,  drop  by  drop,  until  the  liqtmr  manifH«it«  a  deeidr-d 
acid  i^'iu'tion  (Kxp,  .i:i).  The  liquid  will  reniuin  clear,  and  no  pilicie 
ru?id  will  he  deposited.  All  the  silicic  acid  which  has  been  set  tvre 
from  its  combination  with  the  alkali  remains  dissolved  in  the  acidu* 
lated  water. 

If  the  clear  solution  be  placed  in  a  dialy^er  (§  327),  all  the  chloride 
of  swlium,  together  with  the  fr^-e  cldorbydric  acid,  will  paa^  off  llirougb 
the  parchment- paper  in  the  course  of  a  fewdays^  and  tht-re  will  bt>  h*lt 
in  the  didlvzer  nothing  but  pun?  silicic  acid  and  water.  Aqurous  sohi* 
tioiH  of  Bilicic  acid,  coutnining  fr«»m  5  to  14  per  cent,  by  wt'if:}it  of  the 
acidj  may  be  thus  obt^iined*    This  pure  aqu\2oUB  solution  of  siUcic  add 
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«tliil>it^  a  decided  add  reaction*  It  Has  little  or  no  taate,  thoug-li  when 
applied  to  the  tongue  it  occasions  iin  luipleasant  sensatioiL  It  is  by  no 
means  50  peniiiuient  as  the  soluti()a,  abov«^  mentioned,  acidulated  with 
chlorhydnc  acid.  When  left  to  itself,  the  aqu^ouB  solution  dopo&its 
ailitnc  add  after  a  while  as  an  insoluble  gelatinous  precipitate.  In  like 
manner^  it  has  been  observed  that  when  chlorlivdric  or  finother  acid  is 
added  to  the  aqueous  solution  of  basir  silicate  of  sodiuni  in  no  greater 
qnantity  than  is  sutficient  to  exactly  neutralize  the  alkali,  the  liquor^ 
thoD^h  it  r«*main  clt?ar  for  a  conaidemble  apace  of  time,  will  gradually 
becotue  cloudy  and  deposit  silicic  acid. 

£j:p.  222. — To  one-tliird  part  of  the  solution  obtained  in  Kxp,  220 
add  at  once  enoUj<b  concentrated  ehlorbydric  acid  to  render  thu  solu- 
tion acid.  All  the  dlicic  add  i^iU  immediately  be  thrown  down  aa  a 
thick  insoluble  jtjlly. 

£r/>.  *22S. — Place  in  a  smaH  porcelain  dish  a  portion  of  the  solution 
of  silicic  add  in  addulated  water  obtained  in  Exp.  221,  evaporatis 
it  to  dryness  upon  a  water-bath,  and  heat  the  residue,  over  the  giis- 
lamp,  to  a  temperature  of  180"  or  190*.  Add  water  to  the  cold  dry 
residue,  aud  observe  that  the  idlicic  acid  does  not  redis8olye ;  it  remains 
■a  a  fine  white  powder,  which  may  be  readily  collected  upon  a  iilter 
and  thi^re  washed  cle&n  by  pouring  upon  it  several  succassive  portions 
of  wat«r.  After  having  been  once  thoroughly  dried,  silicic  add  is 
completely  insoluble  in  water* 

461.  By  adding  chlorhydxic  acid  to  a  sufQcient  quantity  of  the 
water  of  almost  any  spring  or  river,  and  then  evaporating  the 
water  to  dryness,  a  small  quantity  of  silicic  acid  will  be  found  in 
the  residuum.  The  silica,  in  this  ease,  may  be  combined  with 
an  alkali,  or  may  be  held  in  solution  by  the  action  of  an  alkaline 
carbonate.  Silido  acid  which  has  been  finely  powdered,  or, 
better^  that  which  has  recently  been  precipitated,  is  soluble,  t>o  a 
eonaiderable  extent,  in  aqueous  solutions  of  the  alkaline  carbo- 
xtAlaa,  or  even  of  the  bicarbonates,  only  a  small  proportion  of  the 
carbonic  add  being  expelled  by  it  aa  it  dissolves.  It  is  not  im- 
probable, therefore,  that  the  silicic  acid  found  in  waters  may  he 
retained  in  solution  by  force  of  this  solvent  action  of  the  alkalint* 
carboimtea.  It  is,  at  all  events,  a  matter  of  fact  that  waters 
highly  charged  with  carbonate  of  aodinm,  such  as  flow  from  the 

ysers  or  boiling  springs  of  Iceland,  contain,  in  solution,  very 
<)Uantiliea  of  silica,  much  of  which  ia  depoaited  as  the 
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water  becomes  cold,  upon  the  rocks  and  other  objects  with  wb 
it  comes  in  contact ;  siliceous  petrifactions  are  thus  formed. 

462.  Besides  the  aohible  and  insoluble   modifications   aboiT 
mentioned,  a  dt^iti  notion  is  made  between  the  variety  of  silicic 

i  acid  which  is  found  crystallized  in  nature  and  that  which  occuis 
in  the  amorphous  state,  CrystnUizcd  silicic  acid  is  anhydroTH* 
has  a  specific  gravity  of  from  2*^  to  2*66,  and  is  scarcely  at  all 
acted  upon  by  alkaline  lyes.  The  amorphous  silicic  acid  found 
in  nature  contains  a  certain  amount  of  water,  has  a  specific  gra- 
vity of  only  2*1  to  2*2,  and  is  soluble  in  alkaline  solutions* 

As  it  exists  in  the  insoluble  modification,  either  as  found  in 
nature  or  as  prepart-d  bj  calcining  the  artificial  product,  silicic  acid 
U  a  white,  tasteless  solid,  incapable  of  forming  a  cohesive  plaatae 
mass  vdth  water.  It  is  infusible,  excepting  at  very  high  tem- 
peratures, such  as  may  be  obtained  by  means  of  thi}  oxybvdro* 
gen  blowpipe^  in  the  flame  of  which  it  melts  to  a  colorless  gUun, 
When  melt'.'d,  it  is  tough  and  viscous,  and,  like  glass^  can  be 
drawn  out  into  fine  tbrcads  which  are  exceedingly  elastic,  par- 
ticularly if  they  be  dipped,  while  white-hot,  into  water.  Silicic 
acid  is  not  volatile  by  itself;  but  when  exposed  to  a  current  of 
gBS  or  vapor  at  a  white  heat,  portions  of  it  are  carried  off  by  the 
vapor;  like  bomcio  acid,  it  can  be  transported  in  considerable 
quantities  by  superheated  steam. 

When  in  the  soluble  modiftcation,  whether  in  the  gebttiTious 
hydrated  condition  or  in  the  st^te  of  an  air-dried  powder  which 
has  never  been  exposed  to  heat,  it  dissolves  readily  in  solutions  of 
the  caustic  and  carbonated  alkalies,  particularly  if  these  be  heated, 
gome  varieties  of  native  silica,  such,  for  example,  as  the  soft^ 
pnlvenilent,  infusorial  earth  found  at  the  bottoms  of  many  ponds 
and  swamps,  are  as  readily  soluble  in  the  alkalies  as  that  which 
has  been  prepared  artificially.  All  the  varieties  of  silica  can  be 
dissolved  by  heatinjr  tbem  with  alkaline  lyes  in  close  boilei-s  under 
a  pressure  of  4  or  5  atmospheres ;  in  other  words,  even  crystal- 
lized silica  is  solulde  in  the  alkalies  at  high  temperaturtss. 

463,  At -the  ordinary'  teoiperalaire  silicic  acid  is  but  a  weak 
aoid  ;  almost  any  of  the  other  acids  are  capable  of  decomponng 
the  aqucoua  solution  of  a  salt  of  silicic  acid  and  of  expelling  tba 
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latter  from  its  cambinatioD  with  the  metaL  But,  as  is  the  case 
with  boracic  acid  also  (§  448),  at  high  temperatures  the  reverse 
of  all  this  is  true,  silicic  acid  being  then  capable  of  e2:peltiiig  oil 
aeida  which  are  more  Tolatile  than  itself.  Neither  variety  of 
allicic  acid  is  acted  upon  at  any  temperature  by  either  carbon^ 
hydrogen,  phosphorus,  or  chlorine,  if  these  elements  t>e  taken 
xately  ;  but  when  exposed  at  high  temperatures  to  the  com- 

led  action  of  carbon  and  chlorine,  chloride  of  eilicon  and  car- 

home  oxide  are  produced,  much  in  the  same  way  that  chloride  of 

)ii  U  formed  under  similar  circumstances,  as  has  been  shown 

§  449  When  silicic  acid  is  heated  together  with  carbon,  or 
other  reducing  agents,  in  contact  with  metals  like  iron  or  plati^ 
Qum,  some  of  it  is  decomposed,  and  a  silicide  of  the  metal  is 
formed.  Platinum  cnicibica  are  often  injured  in  this  way  by  tho 
nascent  silieon  which  forms  when  certain  minenUa  are  fused  in 
thera, 

464.  Silicic  acid  combines  with  many  of  the  metallic  oxidee 

form  salts,  many  of  which  are  of  very  complex  composition, 
idiedfl  9f  silicates  are  found  in  nature  as  crystallized  minerals, 
imd  they  may,  in  general,  be  formed  by  fusing  together  silicic 
acid  tind  the  appropriate  metallic  oxide,  or  carbonate,  in  suitable 
proportions.  Most  of  the  silicates  are  fusible,  and  the  greater 
number  of  them,  when  in  the  molten  state,  have  the  power  of 
dissolving,  either  an  excess  of  base,  or  an  excess  of  silicic  acid  over 
and  above  the  quantities  corresponding  to  strict  atomic  propor- 
tions ;  hence  it  happens  that  mixtures  of  silicic  acid  and  of  bases 
may  be  melted  together  in  the  most  varied  proportions.  The 
study  of  the  silicates  thus  becomes  difficult,  since  it  is  often  im- 
possible to  determine  whether  a  given  silicate  be  really  a  definite 
chemical  compound  or  a  chemical  compound  contaminated  with 
an  excess  of  silicic  acid  or  of  the  base ;  in  very  many  instances, 
moreover,  it  is  probably  true  that  the  excels  of  silica,  above  the 
normal  atomic  proportion,  or  of  the  base,  is  really  held  in  combi- 
nation by  virtue  of  the  chemical  force,  though  it  be  held  I'eebly 
and  indefinitely,  as  is  the  esse  with  the  ingredienta  of^many  sola* 
Uonh  and  metallic  alloys.  (See  §§  49,  7(k) 

As  a  general  nde,  the  simple  silicates  containing  but  a  single 
base,  and  no  excess  of  either  base  or  acid,  orystalli^  in  passing 
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from  the  liquid  to  the  solid  condition ;  but  the  double  siiicSISs 
(compounds  formed  bv  the  union  of  two  or  more  simple  silicates, 
and  therefure  containing  at  least  two  different  metuls)  usually 
solidify  to  a  n  on -crystalline,  homogeneous  glass.  Ali  the  common 
varieties  of  gltiss  consist  essentially  of  such  double  salt-s  of  silicic 
acid.  In  general,  those  silicates  of  the  alkaH -metals  and  of  lead 
which  contain  an  excess  of  base  are  more  readily  fusible  than  the 
normal  or  acid  salts ;  those  silicates  which  contain  easily  fasible 
oxides  melt  at  correspondingly  low  temperaturas ;  and  many 
tures  of  two  or  more  <Ufl!erent  silicates  fuse  at  temperatures  Io¥ 
than  the  melting;- point  of  either  of  the  simple  silicates  of  which 
the  mLsture  is  composed. 

The  silicates  of  potassium  and  of  sodium,  containing  1  or  2  or 
more  molecules  of  base  to  one  molecule  of  the  acid,  are  readily 
soluble  in  cold  water,  and  compounds  containing  as  many  as  4 
molecules  of  the  acid  to  one  moleculo  of  the  alkaline  base  may  be 
completely  dissolved  in  water  when  boiled  therewith  for  a  ron- 
Bidcnible  time.  These  acid  compounds  (such^  for  example,  as  the 
sodium -salt  of  the  formula  Na^,  2-4SiOj)  are  much  employed 
in  the  arts  under  the  name  of  Watfrglass  or  Sahthh  plass.  Wheu^ 
however,  the  proportion  of  acid  is  more  than  4  J  molecules  to  1 
molecule  of  the  alkaline  base,  the  silicate  may,  for  all  practical 
purposes,  be  regarded  as  insoluble  in  water.  The  silicates  of  the 
metals  not  included  in  the  alkali  group  (§544)  are^in  like  ma 
ner,  insoluble  in  water,  in  the  ordinarj  senile  of  the  word,  thoug 
in  the  last  analysis,  it  would  be  hard  to  find  any  stlidous  minerals, 
or  glasses,  which  are  not  susceptible  of  being  decomposed  &nd 
dissolved,  to  a  greater  or  le^s  extent,  by  water.  Some  metallic 
silicates  maybe  prepared*  not  only  by  the  method  of  fusion,  hut 
also  by  adding  the  solution  of  an  alkaline  silicate  to  the  solulioa 
of  a  salt  of  the  metal  whose  silicate  is  desired. 

465.  The  most  commonly  occurring  silicates  may  be  referred 
to  three  or  four  general  classes,  similar  to  the  chtH3e3  of  carbo- 
natea  (§414): — Ist.  Normal  silicates,  of  the  general  formula 
MjO,SiO^,  such  OS  the  crystfdhzable  silicate  of  sodium  Na/),SiO,, 
or  the  normal  silicate  of  calcium,  CaO,BiO^.  2d.  Bisilicatcs,  of  th« 
formula  Mp,2Si0.j,  such  as  the  hisihcate  of  calcium,  CaO.i  ' 
Si  Dbiiicates  (basic  silicates)  of  the  general  formula  2M^(J 
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eiiclij  for  example,  a^  the  silicates  of  iron,  2FeO;8iO,,  of  ma^^ 
nesium,  2MgO,SiOj,  of  manganese,  2MnO,SiOj,  and  of  zino, 
iiZnO,8iOj»  AIbo,  seequisilicatea,  of  the  formula  2M30,3SiO,, 
to  which  the  mineral  ratserschaura  may,  perhaps,  be  referred,  its 
loamda  being  2Mgn,a«iiO  ,+  2H,0. 

466.  Many  of  the  natural  silicates  may  be  decomposed  by 
digestion  with  the  strong  mineral  acids,  such  as  concentrated 
chlorhydi-ic  acid ;  and  this  is  especially  true  of  those  silicates 
which  contain  a  large  proportion  of  base,  and  of  those  containing 
water  of  crystallization.  But  many  anhydrous  normal  or  acid 
silicates  are  not  decomposed  by  any  acid,  excepting  fluorhydric 
acid.     Fluorhydric  acid  attacks  and  dissolyes,  not  only  pure^ihdo 

iid  in  all  its  varieties,  but  ail  silicates  as  well,  and,  other  things 
Bing  equal,  the  rapidity  of  its  action  is  in  proportion  to  the  degree 
of  its  concentration.  Crystallized  silicii,  however,  is  much  less 
readily  acted  upon  by  fiuorhydnc  acid  than  the  amorphous  variety; 
it  dissolves  slowly  and  without  development  of  heat,  while  amor-- 
phous  silica  not  only  dissolves  rapidly,  but  the  act  of  solution  is 
accompanied  with  the  evolution  of  considerable  heat.  From  those 
silicates  which  are  decomposed  with  difficulty  by  chlorhydrio 
acid  the  silicic  acid  separates  out  as  a  soft  powder ;  but  from 
those  which  are  more  readily  decomposed  the  silicic  acid  sepa- 
rates as  a  hydrated  gelatinous  mass  when  the  finely  powdered 
mineral  is  digested  with  chlorhydrio  acid;  in  this  case  the 
mineral  is  said  to  gelatinize  with  acids.  Some  ailicious  minerals 
may  even  be  completely  dissolved;  silica  and  all,  In  dilute  chlor- 
hydiic  acid. 

467.  It  is  remarkable  that,  while  some  of  the  hydrated  silicates 
(such,  for  example,  as  the  class  of  minerals  called  zeolites)  can  no 
longer  be  readily  decomposed  by  chlorhydric  acid  after  they  hava 
been  ignited,  there  are  other  silicates  (such  as  the  minerals  gar* 
netf  epidote,  and  idocrase)  whieh^  though  scarcely  at  all  acted  upon 
by  chlorh)dric  acid  when  in  the  natural  condition,  may  be  decom* 
posed  thereby  with  gelatinization  after  they  have  been  melted. 
Facts  like  these  would  seem,  at  first  sight,  to  indicate  that  silicio 
acid  exists  in  combination,  sometimes  in  the  insoluble,  and  at 
other  times  in  the  soluble  modification,  and  that  it  may  be  trans- 
tbrmed  from  the  one  atate  to  the  other  without  being  first  set  fi^$ 
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hxxt  some  of  them  admit  of  beiti^  explniiii?d  in  another 
When  aTiy  mlicate,  no  mutter  whether  \t  he  decom]»osahlf>  by 
chlc>rhydn<!  acid  or  unncted  upon  hy  this  ngent,  is  mixt'd  with  an 
excess  of  one  of  the  fixed  alkalies,  or  alkaline  earths,  or  with  a 
carbonate  or  nitrate  of  eitlier  of  the  alkaline  or  alkaline-earthy 
metals,  and  the  mixture  then  heated  to  intense  rcdiie^*?,  there  will 
be  obtained  a  melted  or  agglutinated  mass,  which  decompoecu 
readily  on  beini^  treated  with  chlorhydric  acid,  and  yields  gelnii- 
nous  silica.  At  the  high  temperature  to  which  the  miacture  U 
exposed,  the  strongf  alkaline  or  alkaline -earthy  ba8ca  combine  with 
the  silicic  acid,  and  there  are  formed  silicates  of  potassium,  sodium, 
calcium,  or  the  like,  easily  decomposable  by  acids.  Now,  in  the 
case  of  the  minerals  garnet,  epidote,  and  idocrasc,  above  men- 
tioned (which  are  attacked  by  chlorhydric  acid  after  they  have  been 
melted),  it  may  be  conceived  that  the  strong  bases  (such  ns  liro^, 
magnesia,  and  protoxide  of  iron)  which  are  contained  in  fh'^sc 
minerals  have  acted  upon  the  silicate  of  alumina  (also  contained 
in  them)  in  much  the  same  way  that  an  extraneous  alkali  would 
act  if  it  wore  fused  with  the  powdered  mineral. 

468.  Sulphuric  acid,  when  concentrated  or  but  slightly  dfluti^, 
ftots  much  more  energetically  than  chlorhydric  acid  upon  the  sili- 
oates,  apparently  because  of  its  comparatively  high  boiling-point. 
Common  clay,  for  example  (ailicate  of  aluminum)*  which  is  but 
little  acted  upon  by  chlorhydric  acid,  may  be  completdy  decom- 
posed when  digested  with  boiling  concentrated  eulphuric  arid, 
flilicio  acid  being  set  free  and  sulphate  of  aluminum  prcxlu<>ed. 
This  decomposition,  like  that  of  the  garnet  above  mentioned,  it 
in  any  event  very  much  more  readily  effected  if  the  chiy  bo  first 
gintly  roasted  or  calcined.  The  mineral  feldspar  also,  whca  in 
iae  powder,  may  be  decompoaed  hy  boiling  oil  of  ntrioL 

469.  Contrary  to  the  view  formerly  held  by  many  chemists, 
the  atomic  weight  of  silicon  is  now  thought  to  be  28,  instead  of 
21,  as  formerly.  This  change  makes  the  formula  of  silicic  acid 
8i(>^,  in  strict  analugy  to  carbonic  acid,  instead  of  SiO^  whiuh  was 
lop  a  long  time  the  accepted  formula. 

The  percentage  composition  of  silicic  acid  has  been  determined 
by  direct  experiment  (by  oxidizing  a  weighed  quantity  of  sili- 
ooii  to  silicic  acid)  to  be  51'^2  per  cent,  of  oxygen  and  4S'08 
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per  centt  of  silicon*  But  since  it  is  difficult  ift  this  way  to 
oxidize  the  whole  of  the  silicon,  inasmuch  as  portions  of  it  he- 
come  covered  with  silicic  acid,  and  are  so  protected  from  the 
further  action  of  oxygen,  the  above  result  can  be  regarded 
only  as  a  rough  approximation  to  the  truth.  These  numbers 
would  correspond  to  29*63  a^  the  atoniic  weight  of  silicon.     For 

61-02 :  48  08 : :  (32  =  2  atoms  of  O)  i  (r  =  1  atom  of  Si  =^  29*63). 

More  accurate  experiments,  however,  upon  another  plan,  hare 
flince  shoiwTi  that  the  real  atomic  weight  of  silicon  is  28,  or  very 
nearly  28,  as  will  be  fully  set  forth  in  the  next  section. 

470.  Chlori(U  of  Silkon  (SiClJ  is  formed  when  silicon  is 
heated  in  an  atmosphere  of  dry  ehlorine,  or  more  conreniently 
by  heating  together  finely  divided  silicic  acid,  charcoal,  and 
GhlorinOi 

The  experiment  raiiy  be  conducted  as  follows : — ^Mix  together  inti- 
mately equal  wt^ights  of  lampblack  and  dry  pulverulent  silicic  acid, 
euch  as  is  obtained  by  decomposing  an  alkaline  silicate  with  clilorhydric 
acid  and  eTaporating  the  residue  to  dryness^  as  in  Exp.  22.3.  Knead 
into  the  mixture  enough  oil  to  render  it  plastic^  and  from  tbe  thick 
pa?te  thus  formed  make  a  number  of  ^small  balb  or  pellets ;  roll  these 
pellets  in  powdered  cbarcoal,  place  them  in  a  Hessian  crucible,  cover 
the  crucible^  and  heat  in  a  strong  tire  until  all  the  oil  hai  l)ecn  distilled 
off  or  decomposed.  The  mixture  of  silicic  acid  and  charcoal  is  thus 
left  in  an  open  porous  condition,  well  adapted  for  the  action  of  the 
chlorine.  Place  the  dry  pidlets  in  a  porcelain  tube  about  2  cm.  in 
diameter,  eomiect  one  end  of  the  porcelain  tube  with  a  U-tube  sur- 
rounded with  a  freexing-mixture  of  ice  and  salt^  and  to  the  other  end 
attach  a  Husk  in  which  to  generate  chlorine,  taking  care  to  interpose 
between  this  flask  and  the  porcelain  tube  one  U-tiibe  tilled  with  p«i- 
micestone  doaked  in  oil  of  vitriol,  and  another  filled  with  chloride  of 
calcium,  in  order  that  the  gas  may  be  thoroughl}^  dried.  Place  the 
porcelain  tube  iu  a  suitable  stove  or  furnace ;  pass  into  it  a  slow  cur- 
rent of  chlorine,  in  order  to  expel  the  air,  and  then  build  around  it  a 
hot  tire  of  charcoal  or  coke ;  finally,  when  the  tube  haa  become  heated 
to  intense  rer^  i**8a,  pass  in  the  chlorine  as  fa*ft  os  it  is  absorbed.  The 
chloride  of  silicon  will  be  conden^d  in  the  U-tube  as  a  liquid  which 
has  usually  a  yellow  color,  owing  to  the  presence  of  di*<solYed  chlorine. 
In  order  to  purify  it,  the  %uid  may  be  shaken  in  a  dry  flask  with  a 
quantitj  of  quicksilver  in  which  a  little  potassium  has  been  dissolved; 
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after  having'  been  decanted  from  the  mercury  and  eubjecled  to 
tillation  in  dry  vessels,  it  wiU  be  found  to  be  pure, 

It  will  be  noticed  that  the  method  here  describedp  of  prepariogr  chlo* 
lid©  of  silicon,  h  similar  to  that  recommended  for  preparing:  chlurid* 
of  boron  ( §  449).  Chlorine  alone  is  not  capable  of  decompo^-ing  either 
«iliL"i«  or  boraeic  acids ;  but  in  presence  of  carlion  combixifttion  of  chlo- 
rine and  Bilieon  ib  eO>3Gted,  at  the  same  time  that  carbon  and  oxygen 
unite  to  form  carbonic  oxide  :^ 

SiOj  +  20  +  401  =  SiCl,  +  200. 

471.  Chlorido  of  silicon  is  a  transparent,  colorless^  very  mobile, 
volatile  liquid,  of  pungent,  acid,  and  irritating  odor.  It  fumes 
atrongly  in  the  air,  boils  at  59°,  and  is  of  1%5:2  specific  gravitj. 
The  specific  gravity  of  its  vapor  has  been  found  to  be  85-74,  wkich 
accords  well  with  the  supposition  that  a  molecule  of  chloride  of 
silicon  contains  4  volumes  of  chlorme  and  1  volume  of  silicon* 
vapor  condensed  to  2  volumes ; — 

For  if  to  the  weijsrht  of  4  volumes  of  chlorine  (4  X  85*5)  =  .     ,     142 
There  be  added  the  weight  of  1  volume  of  ailicon-vapor  sa    ,    ^      2S 

The  two  volumes  of  gas  produced  will  weigh ,    ,     170 

The  weight  of  one  volume  of  the  gas  should,  consequently p  be  equil  to 
170  -r-  2  =  8rK 

Clilorido  of  silicon  is  at  once  decomposed  by  water  with  for- 
mation of  chlorhydric  acid  and  deposition  of  gelatinous  silicic 
ikcid, 

SiCl,  +  2Kfl  =RiO,  +  4Ha, 

no  gas  of  any  kind  being  sot  free,  and  no  other  products  being 
formed.  The  fact  is  important,  gince  it  shows  at  once  that  the 
composition  of  chloride  of  silicon  must  correspor-d  with  that  of 
silicic  acid — that  in  it  four  atoms  of  chlorine  simply  replace  the 
two  atoms  of  oxygen  contained  in  the  silicic  acid.  For  knowing^ 
as  we  do,  the  composition  of  chlorhydric  acid  (§  98)  and  of  water 
(§  36),  we  are  sure  that,  for  every  atom  of  chlorino  eliminated 
from  the  chlorido  of  silicon,  one  atom  of  hydrogen  is  required^ 
in  order  that  chlorhydric  acid  may  be  formed,  and  that  for  every 
two  atoms  of  hydrogen  thus  taken  from  the  water,  one  atom  of 
oxygen  will  be  detached.  But  as  no  oxygen  escapes  from  the 
solution,  aU  of  that  derived  from  the  water  must  evidently  have 
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combined  with  the  si]i(^on  to  form  silicic  acid*  Now,  it  is  a  oom- 
paratively  easy  matter  to  determine  the  amount  of  chlorine  in 
any  solution  by  adding  to  the  ^alution  nitrate  of  silrer,  and  then 
ooUeeting  and  weighing  the  insoluble  chloride  of  silver  which  ifl 
formed.  Hence,  if  a  weighed  quantity  of  chloride  of  silicon  be 
decomposed  with  water,  and  the  amount  of  chlorine  contained  in 
the  solution  be  determined,  the  difference  between  the  weight  of 
chlorine  found  and  the  weight  of  chloride  of  silicon  taken  will 
give  us  the  weight  of  the  eiHoon  with  which  the  chlorine  was 
combined.  By  careful  experiments,  it  has  been  proved  in  this 
way  that  chloride  of  silicon  contains  in  100  parts  by  weight  16-52 
parts  of  sihcon  and  83-48  parts  of  chlorine.  But  83-48  parts  of 
chlorine  are  equivalent  to  18*81  parts  of  oxygen,  for 

(35-5    X   2   =  71)    :    16    ::    83*48  :  (a  =   18*81), 
Weight  of  tm>  Weight  of 

atont*  of  CL  t^nc  atom  of  O. 

Hence  18-81  parts  of  oxygen  mnat  hare  combined  with  every 
16*52  parts  of  sihcon  contained  in  the  solution ;  or,  reduced  to 
per  cent,,  every  46*75  parts  of  silicon  must  have  combined  with 
53*25  parte  of  oxygen ;  and  if  this  proportion  of  oxygen  lead 
to  the  formula  SiOj,,  the  proportion  of  chlorine  will^  in  like 
mann*^,  require  the  formula  8iCl^.  From  tbe  composition  of 
chloride  of  silicon,  as  thus  determined,  the  atomic  weight  of  sili- 
con may  be  accurately  derived  (compare  §  469)  :— 

53-25        :         46*75  =         32        :  (a?  ^  281) 

•  eenL  cf            Per  cent,  of          Weight  of  two  Weight  of  am 
*  Ojygm                   Silicon                  atmnit  of  aiom  of 
'"              Oxifgen*  SUicotu 
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Or,  more  directly,  by  the  proportion 
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Wi'ig/U  of 
four  otomB 

^ s' *        ^f  Chhrm0, 

m  CMiride  of  Silicon* 

At  the  ordinary  temperature,  liquid  chloride  of  sUicon  does 
not  act  upon  potassfium  ;  but  if  this  metal  be  heated  in  its  vapor, 
chloride  of  potassium  is  formed  and  silicon  set  free  ;  the  reaction 
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affords,  in  fact,  a  good  raothod  of  obtaining  siliron  in  the  a 
phous  state.  There  is  a  bromide  of  silit-un  (8iBr^)  analogous  to 
tho  cbloride  in  composition  and  pn)perties ;  it  msiy  be  prepared  in 
a  similar  way.  No  compound  of  iodine  and  silicon  has  yet  been 
discovered. 

472.  Compotfnd  of  Silicon,  Ht/drorfm,  and  Chhriru^ — By 
passing  a  current  of  dry  cblorbydric  acid  gaa  over  crystalliied 
8ilic4?n,  beated  nearly  to  redness  in  a  glass  tube,  and  condenaiiig 
the  product  in  a  receiver  immersed  in  a  freezing- mixture,  there 
ia  obtained  a  colorless,  fuming  liquid,  which  boils  at  34° ;  the 
density  of  its  vapor  has  been  determined  at  4*64^  the  calculated 
value  being  4-69.  At  a  red  heat  it  deeom poses,  yielding  chlonde 
of  silicon,  chlorhydiic  acid,  and  amorphous  silicon.  Ita  vapor  w 
very  inllammablc,  and,  when  mixed  with  air  or  oxygen  ^  detonates 
violently  on  being  lighted  ;  cbloride  of  silicon,  together  with  a 
amoke  of  cblorbydric  and  silicic  acids,  are  the  producta  of  this 
TOCiction.  Water  decomposes  it  instantly,  with  production  of 
hjdrated  oxide  of  silicon,  as  has  been  already  set  forth  (§  458). 

473.  Fluoride  of  Silicmi  (8iFl^)  is  formed  whenever  dry  duor- 
hydric  acid  comes  in  contact  willi  silicic  acid,  either  free  or  com- 
bincd.  It  may  be  readily  prepared  by  treating  a  mixture  of  sili- 
ceoufi  ^^nd  and  fluorspar  with  oil  of  vitriol, 

In  a  flask  of  nbout  2oO  c.  c.  ctipacity,  pliice  an  intimate  mixture  of 
9  grms.  of  finely -powdered  q  iiarU- sail  d,  t)  grms.  of  powdered  Duorsptf, 
and  53  graui.  of  cooceutrat+'d  sulphuric  ncid.  Ileftt  the  Haskp  and  col- 
lect the  gas  which  is  evulved,  in  t^dl  bottles  of  150  c.  c,  capacity,  at 
the*  mercury  trongh.  The  psnd  and  lluorspar  should  both  be  heatod 
before  bt'injr  ust^d^  in  order  that  they  may  bt»  perfectly  dry  j  the  Hatik 
al?*o  and  the  mercury  in  the  trough  should  be  thoroughly  dried ;  for 
iluoride  of  ^ilicnn  i«decomiH>9t^d  by  moisture,  and  the  bullsy  precipilal© 
of  Ailicie  acid  which  would  be  formed  mipht  clog  the  delivery-tube  of 
the  appaJ»tus  or  coat  the  gla."^^  vesseL^*  and  render  th<^m  opnque. 

The  decompositiofi  of  tlie  *;a«»  by  water  can  readily  be  »hown  by 
cau^in^  some  of  it  to  pnss  out  from  the  deli  very-tube  into  a  bottle 
inverted  upon  the  mercury- trough,  one  half  of  which  hita  been  filled 
with  w*ier  and  the  other  half  with  quicksilver.  The  water  in  the 
bottla  wUl  aoon  bec^n^e  tilled  with  (reliiiinuus  silica*  With  the 
qtuuititiei  of  material  above  given,  tlu^re  will  be  obtaiued  first  a  bottle 
of  160  c.  c.  citpnclty  of  air  from  the  fln^^k,  which  ahould  be  thrown 
away ;  a  bottle  of  the  same  bize  can  then  be  filled  with  sufHeieut*/ 
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pure  fluoride  of  Bilicon^  ani  in  a  third  bottle  the  decompoBition  with 
water  may  he  shown* 

Instend  of  sand^  coanelj  powdered  glftsA  may  be  placed  in  the  HasIc 
as  the  source  of  s^ilbon.  In  any  event  the  glass  of  the  fla.sk  will  be 
somewhat  corroded ;  it  is  hett€ir  to  conduct  the  operation  in  a  platiuum 
retort,  if  such  a  vessel  can  be  had. 

The  reactions  which  occur  among  the  materials  in  the  fla?ik  may  be 
represented  by  the  follownng  equations : — In  the  first  place,  fluorhydnc 
acid  is  formed  by  the  action  of  8ulphurio  acid  upon  the  fluoride  of 
mlnTinij 

OaFl,  -h  H.SO,  =  CaSO,  -f  2HF1, 

and  the  fluorhydnc  acid  then  attacks  the  silica,  t 

SiO,  +  4HF1  =  2H,0  +  SiFI^* 
The  water  here  formed  unites  with  the  sulphuric  acid  which  has  been 
employed  in  excess,  and  is  thus  prevented  from  actin«7  upon  the  Huo- 
ride  of  silicon.  The  reaction  last  named  is  esscntjaUy  the  sam^  na 
that  which  occurs  when  ^lass  is  etched  with  fluorhvdric  acid  p^ns 
(J  158),  When  the  fluoride  of  silicon  is  broug^ht  into  contact  with 
water^  there  is  produced^  together  with  the  silicic  acid^  liuosiilicic  acid 
(2HFl,SiFlJ,  a  compound  to  he  described  directly. 

474.  Fluoride  of  silicon  is  a  colorless  gas  which  fumes  strons;ly 
in  the  air,  eepcciiiUy  if  the  air  be  moist.  It  has  an  acid  odor 
and  tiiste»  extiDgui^hes  combustion  though  itself  uninflammablo, 
has  no  action  upon  gloss,  c^m  support  a  high  degree  of  hent 
without  being  docomixised,  and  may  be  condensed  by  pi*easure 
and  cold  to  a  colorless,  very  mobile  liquid.  Its  specific  gravity 
has  been  determined  to  be  51-98,  or  3*6  as  compared  with  nir- 
It  can  consequently  b©  readily  collected  by  displacement,  if 
pains  be  taken  to  protect  it  from  contact  with  moist  air  by  means 
of  drying- tubes » 

The  specific  gravity  of  this  gas  points  veiy  decidedly  to  the 
formula  SiFl^,  and  consequently  to  the  number  28  as  the  atomic 
weight  of  silicon,  and  to  the  formula  SiO^  for  silicic  acid.  For,  if 
a  molecule  of  gas  be  composed  of 

One  volume  of  silicon- vapor  » 28 

And  four  ? olumes  of  fluorine  (19  x  4)  »      •        ,        .        .        76 

Condensed  to  two  volumes  =3  ......       104 

One  volume  of  the  gas  will  weigh  52,  or  almost  precisely  as  much  as 
has  been  indicated  by  experiment, 
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The  behavior  of  the  gas  vnih  water  is  peculiarly  interesting. 
If  water  be  sprinkled  into  a  bottle  filled  with  fluoride  of  silioon, 
or  if  the  gas  be  conducted  into  water,  decomposition  occurs  in- 
stantly, and  sUicic  acid  is  deposited  in  the  gelatinous  condition. 
At  first  sight  it  might  seem  as  if  the  reaction  were  stnetly  analo- 
gous to  Uiat  wliich  occuib  when  cliloride  of  silicon  is  mixed  with 
water  (see  §  471),  and  that  it  could  be  represented  by  the  formula 

SiPl^  -h  2H3O  ^  SiO^  -h  411F1; 
but  if  it  be  remembered  that  fluorbydric  acid,  unlike  ehlorhydric 
acid,  is  capable  of  dissolving  silica,  it  will  be  at  once  evident  that 
the  reaction  between  water  and  fluonde  of  silicon  cannot  be 
directly  comparable  with  the  other  reaction,  in  which  chloride  of 
flilicon  is  concerned.  The  reaction  which  really  occurs  betweea 
water  and  fluoride  of  silicon  may  be  represented  by  the  lallowing 
equation : — 

SSiPl,  -h  2H,0  =  BiO,  -f  2(2HFl,SiFl^), 

— a  double  compound  of  fluorbydric  acid  and  fluoride  of  sibocra, 
known  Bsjluasilicic  acid^  being  the  other  product  besides  silica. 

Fiuomlicic  acid  may  be  prepared  either  in  the  manner  indicated  in 
{  473,  or  more  eonveniently  by  conduction  fluoride  ot  eiliron  gna  into 
an  upriylit  bottle  fall  of  water ;  in  this  case,  bowever,  the  oriflce  of  the 
tube  which  delivers  the  ikhh  should  be  immersed  in  a  layer  of  mercaiy, 
8  or  4  cm*  deep,  beneath  the  water,  so  that  the  gas  may  bubble  up 
through  tht*  memiry,  and  the  water  never  come  in  contact  with  tbt 
mouth  of  the  dt^iv en-tube.  In  this  way  the  tube  may  bo  kept  fret 
from  the  silicic  acid  which  would  quickly  clog  it  if  it  opened  direcUy 
into  the  water.  As  the  bubbles  of  fiiioride  of  silicon  escape  from  the 
merenry^  each  of  them  becomes  covered  with  a  thick  crui»t  of  gelati- 
nous silica^  which  it  carriea  with  it  to  the  surface  of  the  water.  Some» 
times  one  of  these  vruBtB  will  remain  adherinj^  to  the  mercury  and  will 
be  gradually  prolonged  into  the  form  of  a  tube  extending  irom  the 
mansury  to  the  surface  of  the  water.  Such  tithes  *hoald»  however,  be 
broken  up,  by  stirrinpr  the  liquor,  lest  fluoride  of  silicon  escape  thioug^h 
them  into  the  air  without  cominfj^  in  contact  with  water. 

Another  modification  of  the  method  of  preparing  fluosilicic  odd  iato 
conduct  the  pas  into  a  larjye  flask  contwiniug  but  little  water,  and  to 
agitate  this  flask  so  that  its  aides  mav  be  continually  moistened  with 
Wttter,  althoujjfh  no  water  can  come  in  contact  with  the  opeuing"  of  the 
gajs  delirery-tube*    The  foUowixig  quantities  of  materials  have  been 
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found  conyenieiit  in  prance.     In  a  dnsk  of  600  or  700  c.  e.  CApacitj 

place  B  mixture  of  35  grms.  of  powdered  sand,  35  gtms.  of  powdered 

BuoP'pari  ood  210  g^'ins.  of  concentrated  sulpbaric  acid.     Place  ths 

^k  upon  a  fia»d«batb  over  the  gus-larap,  and  by  means  of  a  delivery- 

II be  connect  it  either  with  the  bottom  of  a  tall  bottle  containing 

I  c  c  of  wat^T  and  enough  mercury  to  form  the  layer  above  de- 

or  with  the  middle  of  a  Hask  of  700  or  800  c*  c.  capacity,  and 

pining  150  c.  e*  of  water.     In  the  latter  case  the  receiving-ftnak 

l^tatcd,  as  aforesaid,  ao  that  ita  walk  may  be  kept  moiati 

I  evolution  of  gas  h&s  ceased,  the  gelatinous  mass  in  the  bottle 

h&tM  be  thrown  upon  apiece  of  cotton  cloth^  and  the  liquid  contained 

[  It  separated  from  tbe  solid  matter  by  presv^ure.     The  cloudy  liquor 

4UJS  obtained  may  be  rendered  clear  by  filtering  it  through  paper. 

he  clear  liquid  is  a  strong  nqueous  solution  of  fluosilicic  acid^  and  tbe 

olid  matter  is  hydra  ted  siHcic  acid. 

475.  Fluosilit;ic  acid  is  known  only  in  aqueous  solution,  Tho 
aattirated  solution  is  a  transparent,  colorless,  fuming,  and  very 
acid  liquid,  which  has  no  action  npon  glass,  and  may  couseqaently 
kept  in  gla^  bottles.  It  cannot  be  distiUed  without  suffi^ring 
omposition,  nor  can  it  be  evaporated  beyond  a  certain  degree 
concentration  without  breaking  up  into  fluoride  of  silicon  and 
luorbydiic  acid.  If  the  evaporatioa  is  conducted  in  a  glass  vessel, 
he  silica  of  the  glass  will  retain  tbe  fluorhydric  acid,  and  only 
tuoride  of  eilicou  and  water  wiU  be  set  free.  The  reaction  which 
in  this  case, 

SiO,  -f  2(2HFl,SiFlJ  =  2H,0  +  3SiPl 


V 


-    .M 

just  tbe  reTerse  of  that  which  takes  place  when  fluoride  of  Bili- 
m  IB  decomposed  by  water — 

2H,0  +  3SiFl,  =  SiO,  +  2(2HFl,8iFl> 

ith  bases  fluosilicic  acid  unites  to  form  compounds  known  as 
u;s,   such  as  the   fluosilicate  of  potassium,  K^SiPl^  = 


n 


1^,  and  fluositicate  of  banumi.  BaSiFl,  ^  BaFl^.SiFl^, 
'  uo  excess  of  tbe  base  be  present ;  but  if  an  excess  of  the  bas©*| 
added,  silicic  acid  will  be  precipitated,  and  the  whole  of  th«  j 
fluorine  will  unite  with  tbe  metal  contained  in  the  base  to  form  i 
m  fluoride.  In  the  first  case,  where  no  excess  of  base  ia  employ cd|( 
in  may  be  thus  represc»nted  i- — 
2KH0  +  H^SiPl,  ^  2Bfi  +  K.SiB., 
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In  the  second  case,  where  an  excess  of  the  base  is  present, 
6K1I0   +  H^SiFl^  =  4Rfi  +  SiO,  +  QKFl 

Most  of  the  fluosilicatea  are  easily  soluble  in  water ;  but  Bome  of 
them  are  so  nearly  insoluble  that  the  acid  is  sometimes  employed 
as  a  precipitant  of  various  oxides.  It  is  remarkable  that  pre- 
cisely those  basses,  namely  the  alkalies,  which  form  soluble  salts 
with  ahnoat  all  the  other  acids,  should  here  yield  insoluble  com- 
pounds. Fluosilicic  acid  is  in  fact  a  good  reagent  for  the  detection 
of  potassium  ;  and  it  is  valuable  as  a  means  of  removing^  potosaium 
from  many  of  its  salts  when  we  desire  to  obtain  in  a  free  state  the 
acids  which  these  salts  cont^n.  (Compare  §  124.) 

470.  Sulphide  of  Silicon  (SiBJ  occurs  in  white,  needle-like 
crystals,  unalterable  in  dry  air.  It  is  volatile  at  the  temperature 
of  redness,  and  is  decomposed  at  once  by  water,  with  deposition 
of  gelatinous  silica  and  evolution  of  sulphjdric  acid : — 

8i8,  +  2Efi  =  SiO,  +  2H,S. 

Like  sulphide  of  boron,  it  may  be  obtained  by  passing  the  vapor 
of  bihulpbide  of  carbon  over  a-mixture  of  silicic  acid  and  carbon 
heated  to  redness. 

477.  As  has  appeared  abundantly  from  tlie  foregoing,  the  three 
elements  carbon,  boron,  and  sihcon  constitute  a  distinct  natnral 
family.  This  family  differs  in  character  from  each  and  every  one 
of  the  other  natural  groups  of  elenveniB  hitherto  described  (§§  152. 
257,  364).  The  occurrence  of  carbon  and  silicon  in  three  di- 
stinct and  extraordinaiy  modifications  (as  diamond,  graphite,  and 
charcoal),  and  of  boron  in  the  diamond  and  amorphous  modifica- 
tions, distinj^uishes  this  group  from  all  others.  The  eminently 
i*efractory  nature  of  the  several  members,  and  their  fixity  as  re- 
gai'ds  heat  and  solvents,  are  marked  characteristics  of  the  three 
elements.  The  vitrifiable  character  of  the  oxides  of  boron  and 
silicon  (boracic  and  silicic  acidn),  and  of  the  borates  and  silicates 
of  many  of  the  metals,  is  a  noteworthy  resc*mblance  between  the:*e 
elements.  Eemarkable  resemblances  between  the  hydrat^*d  car- 
bonate, borate,  and  silicate  of  sodium  often  manifest  thcmselvx^ 
to  the  chemical  manipulator.  The  corresponding  compoiwids  of 
carbon,  boron,  and  ailicon,  with  the  members  of  the  chlorine  group, 
and  with  the  members  of  the  sulphur  groupj  have  iimUar  proper- 


lio8,  result  fVom  like  reactions^  and  snffer^  for  the  most  part,  ana- 
logous deoompoaitions  ;  but,  in  the  present  state  of  the  science, 
only  the  compounds  of  carbon  and  silicon  can  be  said  to  have  also 
the  same  atomic  constitution.  The  three  members  of  this  group 
are  not  arranged  in  the  order  of  their  atomic  weights,  os  has  been 
the  case  i/pith  all  the  preceding  groups ;  but  if,  in  the  future* 
boracic  acid  comes  to  be  written  BO^,  the  atomic  weight  of  boron 
will  be  14,  and  therefore  higher  than  that  of  carbon.  The  exist- 
ing anomaly  in  the  arrangement  of  the  group  wDl  then  disappear. 
The  coUo cation  of  these  tliree  elements,  and  the  order  in  which 
they  now  stand,  is  based  upon  too  many  natural  rosemblaiices  to 
be  lightly  set  aside. 
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478,  This  abundant  element  is  chiefly  found  in  nature  in  the 
lie  of  chlondc,  nitrate,  carbonate,  borate,  and  siHcute.  The 
Bt  abundant  of  its  compounds  is  common  mlt^  which  is  the 
combinatioa  of  sodium  with  chlorine  (NaCl).  Sea-water  contains 
two  and  a  half  per  cent,  of  salt,  and  enormous  deposits  of  the  same 
Bubfttanee  are  found  in  the  solid  crust  of  the  earth.  There  are 
also  many  natural  salt  springs,  whose  waters  yield  on  evaporation 
the  ohloride  of  sodium  which  they  hold  in  solution.  Sodium  also 
oocurSy  in  the  condition  of  silicate,  in  Tery  many  common  minerals 
and  rocks.  From  the  soil  which  has  residted  &om  the  disinte* 
gration  and  decomposition  of  these  minerals  and  rocks,  and  from 
its  soluble  compcjundis,  like  common  salt,  sodium  enters  into  plants, 
and  thence  into  animahi.  Its  cMoride  is  one  of  the  essential 
mineral  constituents  of  the  food  of  man  and  other  animals.  On 
account  of  the  inexhaustible  abundance  of  common  salt,  ihta  sub- 
fitance  constitutes  the  chief  source  from  which  all  manufactured 
oompounds  of  sodium  are  more  or  less  directly  derived ;  one  other 
natural  sodium -containing  mineral,  however,  deserves  mention  as 
a  source  of  sodium  oompounds — the  mineral  Cryolite,  a  double 
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fluoride  of  sodium  tmd  almnmum.  Nitrate  of  aodium  (NrNO^%  % 
eoraoT^hat  deliquescent  and  very  soluble  salt,  oucurs  abuiulaully 
on  the  surface  of  the  soil  in  ccrtaiQ  det^ert  district*  of  PeiiL 
When  heated,  this  salt  first  fuses  aud  then  undergoes  decomposi- 
tiou.  It  is  employed  in  the  manufacture  of  nitric  and  sulphuric 
adds  and  as  a  munuro;  but  as  a  source  of  sodium*eompouDds 
it  is  comparatively  insignificant. 

479*  Chloride  of  Sodium  (NaCl). — There  is  but  one  cliloride  of 
sodium — common  salt  This  natural  mineral  is,  when  pure,  a 
eolorless,  transparent,  anhydrous  stone,  which  crystallizes  in  cubes^ 
dissolves  readily  in  about  three  times  its  weight  of  cold  water, 
and  possesses  a  specific  gravity  of  2*15,  and  an  agreeable  taste, 
which,  because  fmniliar,  is  the  representative  or  type  of  that  pecu- 
liar savor  called  saline,  A  saline  taste  means  a  taste  suggestive  of 
that  of  common  gait,  just  as  the  phrase  **  saline  substance ''  cha- 
racterises a  very  large  class  of  bodies  which  resemble  more  or  less 
in  appearance  and  properties  the  longest-  and  best-known  of 
Buoh  substances,  common  salt. 

There  are  three  sources  of  aalt — ^the  beda  of  the  native  minenli 
ealiue  spriupii;  and  searwater.  In  all  cases  in  which  the  salt  is  obtamed 
from  its  solution  in  wator^  evaporation  by  tire^  or  by  the  heat  of  ilia 
suD  iu  warm,  sunny  climates,  is  necessary,  T\'hen  pure  enough^  the 
^xk-salt  IB  mined  lilie  any  other  ore  j  but  when  it  is  mixed  with  earth 
or  other  impurities  as  it  lies  in  its  naturnl  bed,  the  solubility  of  tha 
chloride  of  sodium  in  water  is  availed  of  to  free  the  salt  from  its  tn- 
fioluhle  impurities,  and  to  facilitate  the  lifting  of  it  to  the  surface  of  tlie 
earth.  Wfttei  is  let  into  the  bed  of  salt,  and  allowed  to  remnin  there 
till  it  hm  become  saturated  ;  the  brine  is  then  pumped  out  and  evapo- 
rated. Some  tiatuml  briue-springa  contain  so  small  a  pitiportiou  of 
salt  that  some  cheaper  mode  of  evaporation  than  by  fire  \n  easenliid  to 
their  profitable  working.  Such  waters  are  concentrated  by  n  pro«^M 
termed  gradtmlion.  The  brine  w  pumped  up  to  a  sufficient  h eight i  and 
then  allowed  to  triclcle  slowly  over  large  stacks  of  fagots,  which  nns 
eheltered  by  a  roof  from  rain,  but  are  freely  exposed  to  the  prevailing 
wind.  The  brine,  thus  diffused  over  a  very  large  surface,  is  rapidly 
ooneentmted  by  the  draft  of  air.  By  repeating  the  process  a  mod<fiilo 
number  of  times,  a  weak  brine  may  be  brought  to  a  degree  nf  concf^» 
tration  at  which  evaporation  by  fire  may  be  employed,  Since  olmo*i 
aU  briDes  contain  sulphate  of  ealcium  (CaSO^)  in  solution,  the^utTike*^ 
of  the  Digota  employed  in  the  ffrad^taiion  process  become  covered  wil 
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a  Btonj  cx)atiiig  of  this  comparatively  iBsoluble  salt*  If  the  strong  hrine 
is  boiled  down  rapidlVj  a  tine-grained  table-salt  is  obtaiued ;  if  it  ifl 
slowly  evaporattid^  a  Laixij  coarsely  cnstallized  salt  is  tb«  product. 
Durin^f  tbe  eai*lier  stages  of  tbe  evaporation  a  deposit  is  formed,  con- 
uisting  principally  of  sulphate  of  «odium  and  sulphate  of  calcium. 
Finally  there  remaina  a  thick  moiher-Uquor^  from  which  no  more 
chloride  of  sodiura  will  crystallize,  but  which  contaios  the  more  soluble 
ealts  of  the  ori^nal  brine,  sucb  as  chloride  of  calcium,  and  chloride 
bromide  of  magnesium,  besidea  a  largL*  pix>portion  of  common  salt 
cannot  be  siiparated  from  the  liquor.  Such  mother-liquors  axe 
rich  in  mngnesium-salts  aa  to  be  advantageously  worked 
Wibstance^;  and  they  are  also  aome times  proti table  sources  of 
bromine.  Conaiderable  quantities  of  mogneaium-salts  and  of  bromine 
have  alao  been  extracU^d  from  concentrated  sea- water  after  all  the 
available  chloride  of  sodium  has  been  withdrawn.  The  salt  of  com- 
meicc  generally  contains  a  emidl  proportion  of  chloride  of  magnesium, 
which  makes  it  slightly  deliquescent  and  bitter, 

Mrp,  224— Heat  a  few  crystaU  of  coaiw  salt  on  a  piece  of  sheet-iron 
over  the  gas-lamp.  The  erj^stals  will  decrepitate  forcibly,  and  the 
greater  poit  of  the  salt  will  be  thrown  off  tbe  plate ;  what  remaius*  \vi\X 
mfilt  AS  the  temperature  rises,  and  if  the  heat  be  strong  enough,  it  will 
finally  volatilize.  The  decrepitation  is  due  to  little  particles  of  water, 
uachanieaUy  enclosed  in  tbe  crystals,  which,  when  expanded  by  heat, 
burst  the  cr^^stals  asunder. 

Krp.  225.— Dissolve  9  grms.  of  fine  salt  in  26  c  c,  of  water  at  about 
20°,  Add  to  the  solution  another  granxme  of  Halt;  it  will  not  di^olve. 
Bring  the  solution  to  boiliug ;  the  added  gramme  of  salt  will  barely 
dia#olve»  Chloride  of  sodium  is  scarcely  more  Siiluble  in  hot  than  in 
cold  water,  wherein  it  diflers  from  the  great  majority  of  .soluble  salts. 
Evaporated  brines  deposit  their  salt  with  almost  equal  facility  when 
hot  and  when  cold ;  but  the  hot  hquors  wUl  hold  iu  solution  a  much 
r  proportion  of  the  salts  with  which  the  chloride  of  sodium  is 
iated,  than  the  cold  brines  could  retain.  In  the  process  of  eva- 
on  by  tire,  the  a^^sociated  magnesiimi,  calcium,  and  sodium-^ te 
tlifrelore  do  not  crystallize  with  tie  common  salt,  but  remain  in  the 
hot  mother^liquor, 

J2rp.  220. — Expose  a  saturated  solution  of  salt  in  winter  weather 
to  a  u^mperature  of  — 10'*.  Large,  transparent,  six-sided  lablua,  which 
iioin  a  considerable  proportion  of  water  chemically  combined,  will 
lixe  ircm  the  aolution.  The  warmth  of  the  hand  is  suihcieut  to 
yy  this  crystalline  compound ;  the  water  separates,  and  the  crjs- 
lali  aze  ttaolved  into  a  maas  of  minuta  cuhea. 
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480.  The  uses  of  common  salt  are  maniMd.    Sinc«  it  is  a  i 
stituent  of  nlmost  all  kintis  of  foo^,  and  essential  to  tho  life  of 

[limaU,  it  is  not  Burprisin^  tljat  salt  exists  in  small  qnantities  in 
Braost  every  spring,  soil,  plant,  and  animal.  The  antiseptic  qua- 
lity of  salt  is  applied  to  the  preservation  of  fish,  meat,  and  wood. 
Salt  is  extensively  employed  in  glazing  earthenware,  its  volatility 
at  furnace-heat  (Exp.  224)  combining  with  other  qualities  to  fit 
it  for  this  use.  Immense  quantities  of  salt  are  consumed  in  pre- 
paring sulphate  of  sodium,  from  which  in  turn  common  *•  soda  '* 
(carbonate  of  sodium)  is  made.  From  the  carbonate  of  sodium 
thus  obtained  the  greater  number  of  other  sodium  compounds  an» 
prepared,  Salt  is  also  the  source  from  which  chlorhydric  acid 
and  chlorine  are  derived  (§§  101,  105)» 

481.  Bromide  and  Iodide  of  Sodium  (NaBr  and  Niil). — ^Tfaese 
salts  bear  a  close  resemblance  to  the  chloiide  of  sodium ;  they 
both  cry»talli;Ee  in  anbydrouis  cubes,  and  both  occur  native  in  sea- 
water,  though  in  minute  proportion.  Many  marine  plants  appro- 
priate iodide  of  sodium  from  sea- water;  sea- weeds  are  therefore 
the  commercial  source  of  iodine  (§  135). 

482.  Sulphate  of  Sodium  (Na^SOJ, — This  compound  is  made 
in  great  quantities  from  common  salt  and  sulphuric  acid  as  a  pre- 
liminary atop  in  the  manufacture  of  carbonate  of  sodiunL 

The  process  has  two  stages.  The  first  operation  is  performed  m 
large,  covt^red,  caj*t-iron  panj?,  cnpftblt*  of  holding  2o0  kilos,  of  salt,  and 
an  equal  weight  of  sulphuric  nciil  of  the  density  of  1"7.  A  very  gentld 
hf'At  sufHcefl  to  disengage  from  such  a  mixture  enormous  volumes  of 
chlorhydric  acid  gas;  this  ga«,  which  would  be  injurious  to  vegetatioo 
if  suH'ered  to  escape  into  the  air,  is  all  absorbed  by  being  pB5^»ed  through 
vertical  stone  towers,  tilled  with  lumps  of  coke,  over  which  watt«r  is 
kept  trickbng.  The  reaction  in  the  iron  pan  is  by  no  means  complete^ 
much  chlorido  of  sodium  remaining  undecomposed.  The  reaction  at 
this  first  stjiire  niny  be  repiestnted  a^  follows : — 

2NaCl  +  11,80^  =  NaCl  +  NallSO^  +  HOL 
The  pasty  mass  ia  then  pushed  into  an  adjoining  fire-brick  cliainberi 
which  ia  8tri>ngly  heated  by  flues  from  a  furusee.  The  ucid  sulpliate 
of  sodium  of  the  last  reaction  decomposes  the  remainder  of  the  Mdt| 
and  a  further  quantity  of  chlorhydric  arid  is  disengaged  to  be  ooo- 
densed  by  the  water  ia  the  coke-towers,  while  sulphate  of  sodium 

'^^^•^•"       NaCl  +NaIIS04  «  Na,SO^  +  HCl 
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The  aulphuric  acid  used  in  this  process  is  not  strongOT  thim  can  readily 
be  made  bj  eyaporation  in  leaden  pans  (compare  §  2'iO) ;  it  i»  always 
made  on  the  spot.  The  crude,  weak,  chlorhydric  acid,  %vhicb  is  the 
incidentAl  product  of  the  ninuufoclure  of  sulphate  of  Ktdium,  baa  of 
couroo  $ome  value  in  Ibe  arts ;  a  portion  of  the  product  is  often  iniine* 
diateJy  consumed  in  the  same  factory  iu  the  nionufactui'e  of"  blt?iM.^hiiig» 
der  "  (5S  106^  120)*  In  Bome  works  the  smoke  aud  ga^ett  from  the 
puss  through  the  coke-t^jwers  iu  which  the  cblorhydric  acid  ia 
bed  i  in  others,  the  products  of  combustion  are  not  sullered  to 
oniJC  with  the  liberated  chkirhydnc  aciJ,  but  are  conducted  by  &eparat« 
flues  arouud  the  paua  aud  chambers  to  be  heated,  and  thence  into  the 
main  chimney.     The  latter  mode  of  conaLruction  ia  the  beat. 

The  sulphate  of  sodium  resulting  from  this  process  la  a  white 
smhydrous  salt  which  dissolves  easily  in  water  nt  30°,  When  a 
Btrong  solution  of  the  anhydrous  salt,  made  at  this  temperature, 
IB  cooled,  there  separate  large  colorless  crystals  of  a  transparent 
salt,  hitter  end  cooling  to  the  taste.  This  salt^  long  known  aa 
GlaubeFa  salt^  contains,  beaidea  the  elements  of  sulphate  of  ao- 
dium,  ten  molecules  of  water ;  it  therefore  answers  to  the  foi*mula 
Ka,SO^,10H^O,  There  is  another  hydrated  sulphate  of  sodium, 
which  contains  only  seven  molecules  of  water.  These  hydj^ated 
salts  (JJUive^ce  in  dry  air,  and  crumble  into  an  opaque  powder  of 
the  anhydn»iis  salt. 

Krp.  227. — Place  10  grms.  of  cryatalUzed  Glauber's  salt  in  a  warm, 
dfT  place.  Wheu  it  is  Ci>mpletely  converted  into  a  white  powder, 
weigh  the  residue.  Since  Glauber's  salt  is  moi'e  than  half  water,  the 
dry  reiiidiie  will  not  weigh  more  than  4*5  grms. 

Mrp.  2i?8.— In  a  flank  holtJing  nbout  250  c,  c,  heat  50  c.  c.  of  water 
to  a  temperature  of  33",  and  keep  the  water  at  this  temperature,  as 
deternuaed  by  a  thennometer  imm»*rgtHl  ia  it  Add  to  the  warm  water 
10 1  grms.  of  crystallized  Glnuber's  sak.  K  this  saturated  solution  be 
mode  hotter,  the  anhydrous  sulphate  of  sodium  crystallixes  out  in  octa- 
bedrODs  of  rhombic  ba^e ;  if,  on  the  other  band,  the  solution  be  suffered 
tn  cool,  cristals  of  the  common  hydmted  Glauber's  ^It  appear.  This 
example  forcibly  illustratea  the  general  fact  that  the  relations  of  water 
to  Other  bodies  are  greatly  sflected  by  teraperature. 

Exp.  220.— Dissolve  10  grnis.  of  crystallized  Glauber's  salt  in  wat^ 
of  which  the  temperature  has  been  previously  observed ;  during  solu- 
tioD  the  temperature  falls;  cold  is  produced,  iu  consequence  of  ilia 
expenditure  of  some  of  the  heat  of  the  mixture  in  overcomin^f  the  co- 
hikm  of  the  crystaUized  salt.    Dissolve  a  like  quantity  of  eilloresced 
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f  ikiiber*a  suit  (anliydrous  sulpliftte  of  soditim)  in  a  ^mti!!  bulk  of  i 
heat  will  lit-  dL^v»*lop«Hl.  A  part  of  the  water  ia  aoliditit  d  by  combining 
with  the  atiliydrouB  sulphate  to  form  the  hydrated  8*jlpbrtt«?,  u»d  Ihe 
heat  which  before  kept  that  quantity  of  watcT  fluids  being  set  free  10 
do  other  work^  raises  bj  a  certain  amount  the  temperature  of  tl» 
mixture. 

Rrp.  230.~Dissolve  50  grms .  of  Glauber's  salt  in  25  c  c  of  wattr 
iu  a  small  fla&k,  by  heating^  the  contents  of  the  fiask  until  the  liquid 
boil?.  Cover  the  uiouth  of  the  flask  loosely  with  a  card  or  piece  of 
ghias,  and  allow  tht:*  liquid  to  cool»  at  perA^ct  rest,  to  the  ordinary  leni- 
perature.  No  crystalfl  will  be  depo«it*^d  from  the  fluid,  although  thi 
water  holds  in  solution  a  much  larger  quantity  of  salt  than  it  cmild 
dissolve  at  the  atmospheric  temperature.  Such  a  :?ohaion  ia  said  to  be 
mepcrsatttratrd.  The  crystallization  of  such  a  solution  may  generally 
be  brouffht  about,  almost  inatantaneousiy,  by  jarring  the  vessel  which 
contains  it,  or  by  permitting  some  foreign  body,  like  a  glass  rod,  a  wirei 
II  crystal  of  the  salt,  or  a  gi'aiu  of  dust,  to  come  in  contact  with  the 
fluid*  By  touching  with  a  sticlc  or  gliiss  rod  the  clenr  solution  p»- 
pan-d  a«  above  described,  this  sudden  crrataliiatttioii  will  be  strlkinglj 
illu?trnted,  tlw  whole  mass  becoming  solid. 

CryBtallized  sulphate  of  sodium  is  rapidly  soluble  in  chlnrhTdric  add, 
with  great  dt*pression  of  temperature.  A  convenient  refrigeniting  mix* 
ture  may  be  prepared  in  climatea  where  ice  ia  dear,  by  pouring  5  partt 
of  the  commercial  acid  upon  8  of  the  crystallized  sulphate.  The  ctTect* 
of  solution  on  temperature,  end  the  phenomena  of  supersatunited  solu- 
tions, though  well  exhibited  by  sulphate  of  sodium,  are  by  no  meani 
peculiar  to  this  substance ;  they  are  manifested  to  a  greater  at  loil 
degree  by  a  large  number  of  salts. 

483.  The  Double  SuljMu  of  Sodium  and  Hydrogen  (KaHSO^) 
is  a  very  aeid  salt,  to  which  the  name  of  bi^^iIphtiU  is  commoaly 
applied.  When  heated  it  fii*st  gives  up  a  muletiule  of  water,  and 
subsequently,  at  a  liigher  tempemture*  a  mcdccule  of  anhydrous 
suljihuric  acid ;  the  anhydrous  salt  is  thereforo  employed  as  • 
convenient  source  of  the  teroxido  of  sulphur. 

2(NaHS0j  =  H,0  +  80,  +  Ka^SO^. 

The  formation  of  this  double  sulphate  marks  an  intermediate 
stage  in  the  making  of  sulphute  of  sodium  and  clilorhydnc  acid 
from  common  suit ;  and  it  is  tlie  residue  of  the  mtric-acid  mauu- 
fiicturo  whenever  nitrate  of  sodium  is  employed. 

4S4.  CarbonaU  of  Sodium  (Na^CO,). — The  manufacturo  of  this 
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imbstaDce  confititutea  one  of  the  most  important  braDches  of  cbe» 
mie^tl  industry.  Immeusc  quantities  of  it  aro  consumed  in  the 
fabrication  of  glass  and  soap,  in  the  preparation  of  the  various 
fxsmpounds  of  sodium,  and  in  washing,  both  by  the  manufacturer 
of  cloth  and  in  the  household.  The  ashes  of  sea  and  sea -shore 
plants  were  formerly  the  source  of  the  carbonate  of  sodium,  but 
it  is  now  chiefly  made  from  common  salt  by  a  process  c^ed,  from 
the  name  of  its  French  inventor,  the  process  of  Leblanc. 

The  first  stage  of  this  prf>cej«  we  have  already  studied  ;  it  consista 
in  the  preparation  of  sulphate  of  sodium  &om  common  salt.  The 
e«oond  staj^e  consists  in  the  reduction  of  this  sulphate  to  the  condition 
of  lulphide  of  sodium  in  presence  of  carbonate  of  calcium;  by  in- 
terchange of  metalft  there  results  sulphide  of  calcium  and  carbonate  of 
sodium*  The  sulphate  of  sodium  is  ground  up  with  an  e<|ual  wtn^'ht  of 
ehalk  and  rather  more  than  half  its  weight  of  coal,  and  the  mixture  is 
thoroughly  melted  by  the  flame  of  a  reverb«?ratory  furnace.  Tlte  blsck 
mass,  which  is  called  "  black  ball  "  or  **  black  a<^h/'  is  cast,  into  bhx'ks 
Jo  iron  wheelbarrows,  cooled,  broken  up,  and  systematically  washed 
with  warm  water  until  all  the  soluble  portions  are  extracted.  The 
black  solution  is  evaporated  in  large  iron  pans  by  the  waste  heat  of 
the  reverberatory  furnaces.  The  residue  contains  some  caustic  soda, 
mixed  with  the  carbonate ;  the  residue  ia  therefore  mixed  with  about 
one-»eventh  of  ita  weight  of  sawdust,  or  like  material,  and  roasU/d  iu 
a  reverberatory  furnace.  The  product  of  this  heating  is  the  mda-ash 
ot  commerce;  it  is  almost  white,  and  generally  contains  about  80  per 
oent^  of  pure  anhYdrous  carbonate  of  sodiuoL 

The  so-called  cnj'^tah  of  soda  are  obtained  by  dissolving  the  crude 
eoda-uh  in  hot  water,  and  Buffering  the  hot  solution  to  cool  in  large 
patif.  In  the  course  of  five  or  six  days,  large  transparent  crystals  are 
formed  which  contain  (J2'98  per  cent  of  water,  and  corres|iond  to  the 
formula  NajCO^jlOHjO.  The  impure  mother-liquor,  drained  fi-om  the 
dystals,  ia  used  in  the  manufacture  of  caustic  soda.  These  crystals 
efEtoresce  in  the  air ;  they  have  a  disagreeable  taste,  called  alkaline, 
are  soluble  in  very  large  proportion  both  in  hot  and  cold  water,  and 
even  melt  at  a  moderate  temperature  in  their  own  water  of  crystal- 
lization. The  crj^atals  readily  part  with  all  their  water,  and  the  dry 
residue  melts  at  a  bright-red  heat;  this  residue  is  anhydrous  car- 
bonate of  sodium,  purifled  by  the  process  of  cri'staliization  which  it 
has  undergone.  In  this  case,  as  iu  all  others,  the  process  of  crystal- 
Utatioa  consists  essentially  in  the  aggregation  of  like  particles;  the 
ttiong  tendenoy  is  to  exclude  heterogeneous  particles,  or,  in  other 
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worda,  inipimties,  from  the  crystBlliKing  Btntcturc*  There  is  no  mcST 
universally  rtpplinible  and  valuable  Dieana  of  puiiticatiou  tltau  the 
pruce^a  of  crystallizfttion. 

The  purchaser  of  carbon  Ate  of  sodiuni  for  the  sake  of  the  aLkaU 
which  it  t^ontains  will  prefer  aodft-iish  to  eoda-crj^dtal^  imle^  thm 
purity  of  the  material  be  aD  importaQt'conaid^^nition,  The  crjetals 
are  punir  than  the  ash;  but  more  than  half  thfir  weight  is  waUr, 
which  must  he  transported  at  the  cost  of  the  consumer.  KiHoreBced 
erystjds  ^u-e  more  advanta^ous  to  buy  by  weight  than  crystals  whicli 
have  not  lost  their  water  by  exposure  to  the  (dr.  There  are  several 
hydrates  of  carbonate  of  sodium,  of  different  Si>lubilities. 

485.  Double  CarbonaU  of  Sodiam  ami  Hjfdrogen  (NtiTTCO^). — 
When  masses  of  crystals  of  hydrated  carbonate  of  sodium  (aoda- 
orystals)  are  exposed  to  aii  atraosphei^  of  carbonic  acid  gas,  they 
absorb  carbonic  acid  with  an  evolution  of  heat  suflRcicnt  to  expel 
the  greater  part  of  their  water  of  ciystallization.  A  white  powder 
remains,  whose  dualistic  formula  is  Na^O,HaO|2COj,  whence  its 
most  familiar  name — hicarhonate  of  soda.  This  substance  is  one 
of  the  ingredients  in  raost  of  the  artificial  yeasts  used  for  ramm^ 
bread,  cake,  and  puddings,  and  is  known  to  grocers  and  cooks 
^fis  **  soda,"  although  the  constituent  which  is  really  utilized  ia  iti 
rbonic  acid.  This  carbonate  of  sodium  and  hydrogen  is  muoh 
IS8  soluble  than  the  carbonate  of  sodium  ;  it  may  be  washed  with 
cold  water  until  it  is  freed  from  the  sulphates  and  chloridea  whith 
generally  contaminate  the  carbonate.  The  chemist  resorts  to  this 
process  iu  order  to  prepare  from  the  purified  bicarbonate  purs 
sodium- salts.  At  a  low  red  heat  the  double  carbonate  loaea  iti 
water  and  half  its  carbonic  acid,  and  is  converted  into  the  normil 
carbonate  (Na,jCOj).  If  the  aqueous  solution  of  the  double  oar- 
bonate  bo  heated,  it  loses  one  qnat  tcr  of  its  carbonic  acid* 

Weigh  out  two  separate  and  equal  portions  of  bicarbonate  of  sodium. 
ITcatotie  of  these  portions  for  a  few  minutes  in  an  iron  spoon  or  porce- 
lain capsiilt',  to  a  low  red  heat-  Then  wrap  each  portion  in  a  piece 
^of  paper  and  intixiduce  each  little  roll  into  a  cylindrical  jar  filled  with 
mercury  and  standing  inverted  on  the  mercury  trough.  By  mvaits  of 
a  curved  pipette  (^^e  Appendix,  J  22)  pass  equal  quantities  of  dilute 
sulphuric  acid  into  eiich  of  the  jars.  The  moment  the  pulphuric  acid 
^m^s  in  contact  with  the  carbonate:^  of  sodium,  carbonic  arid  is 
nlved,  and  upon  comparing  the  volumes  of  gas  yielded  by  the  two 
nples,  both  of  which  contain  the  same  quantity  of  sodiuni,  it  will  b« 
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Ibiuid  that  the  cnrbonic  acid  evolved  from  the  unheated  Ijicarbotiiite  is 
^  twice  ■«  great  as  that  yielded  by  the  portion  which  was  igoited. 

Bicarbonate  of  sodium  may  be  deprived  of  its  carbonic  acid  by 
almoBt  any  acid  or  acid  salt.     In  the  expcnment  just  described 
sulphuric  acid  displaced  the  g^aseous  carbonic  acid ;  tartaric  acid, 
or  an  acid  tartrate  like  cream  of  tartar  (tartrate  of  potassium), 
will  eflfect  the  same  displacement,  as  will  also  the  acid  sulphate  of 
sodium  (XaHSOJ.  the  acid  phosphate  of  calcium  (CaO,2H,0,Pp,), 
or  common  alum.     **Soda  powders'*  should  be  made  of  bicarbo- 
nate of  sodium  and  tartaric  acid,     **  Rochelle  powders**  consist  of 
^   bicarbonate  of  sodium  in  one  paper  and  cream  of  tartar  in  another ; 
I   when  these  tm>  materials  are  mixed  in  water,  carbonic  acid  ia 
^b0t  frc€«  and  a  double  tartrate  of  sodium  and  potassium,  called 
^ntdoheUe  salt  and  used  as  a  purgative,  remains  in  the  liquid. 
When  bread  or  cake  is  **  raised  **  with  "  soda "  and  cream  of 
tartar,  the  escaping  carbonic  acid  is  the  agent  in  piiiHng  up  the 
dough,  and  the  same  Rochelle  salt  remains  in  the  bread.     Tar- 
taric acid  and  cream  of  tart«r  having  been  dear  in  late  years,  a 
L  cheaper  chemical  yeast  powder  has  been  made  from  acid  phos- 
H  phftte  of  calcium ;  when  this  substance  reacts  within  the  dough 
i     with  bicarbonate  of  sodium,  there  remains  in  the  broad  a  mixture 
of  the  phosphates  of  sodium  and  calcium.     Alum  is  sometimes 

^used  for  the  same  purpose.  It  is  necessary  to  employ  for  such 
pUTfioses,  in  connexion  with  the  bicarbonate,  acids  or  acid  salts 
lAich  are  solid,  and  not  so  corrosive  as  to  be  obviously  dangerous 
and  harmful. 

There  exists  a  native  ses^^ui  carbon  ate  of  sodium  called  trona  or 
natron  ;  it  is  a  saline  efflorescence,  always  contaminated  with  the 
sulphate  and  chloride  of  sodium,  and  less  soluble  in  water  than 
the  carbonate,  but  more  soluble  than  the  bicarbonate  of  sodium. 
All  the  carbonates  of  sodium  have  an  alkaline  reaction  on  vege- 

»  table  colors ;  carbonic  acid  is  too  weak  an  acid  to  overcome  the 
intensely  alkaline  reaction  of  caustic  soda.  • 

48(3.  Stifphides  cf  Sodium, — In  the  conversion  of  sulphate  of 
sodium  into  carbonate  of  sodium  (§  484)  one  step  is  the  reduction 
of  the  sulphate  to  the  sulphide  of  sodium  by  ooiiL  The  oxygen 
of  the  sulphuric  acid  used  in  making  the  sulphate  is  thus  com- 
bined with  carbon  and  lost ;  the  sulphur  of  the  aoid  goes  to  tiie 
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waste-heap  m  a  useless  combination  with  ealcinm*  H«*rein  li» 
the  was  to  fulness  of  the  Leblauc  process,  which  the  experience  of 
Effcy  years  has  failed  to  remedy. 

Mvp,  2*31, — Mix  ft  little  powdered  anhydrous  sulphate  of  sodium^ 
obtained  by  drying-  Glauber  a  salt,  witb  as  much  powdered  clian?ofd« 
and  make  the  mixture  into  a  TpmU>  with  a  drop  of  water.  Place  a  little 
ball  of  this  pastel  as  large  as  a  small  pea,  in  a  deprev't.^ion  in  a  piece  of 
charcoal,  and  heat  it  strouj^ly  t\ith  a  blowpipe.  The  mixture  e0br* 
ve^es  and  linjiUy  meltj?  into  a  brownish  mas**.  The  glowiujsr  cojil  takes 
all  the  oxypcen  out  of  the  H\dplmte,  and  the  carbonic  oxide,  which 
results  from  the  union  of  the  carbon  and  oxy^n,  in  escaping  causetf 
the  eliervescence  which  occurs;  tlie  sodium  and  sulphur  alone  lemaijt 
united.     The  reaction  may  bo  thn*  formii luted : — 

NrjSO,  +  4r  =  400  +  Na^a 
If  the  browni*^h  solid  be  Temnved  from  the  coal»  placed  in  a  wnteh-g^lAJK^ 
and  moistened  with  dilute  chlorhydric  or  sulphuric  ncid,  sulphydrie 
acid  gBS  wil]  be  evolved,  as  may  be  recognized  by  the  smell,  or  by  th» 
me  of  lead-paper : — 

Na^S  +  21101  =  2NaCl  +  H^S, 

Sulphur  unites  with  sodium  in  more  than  one  proportion 
it  raay  indeed  be  doubted  whether  the  actual  reaction  in  the 
above  experiment  is  so  simple  as  the  formula  represents  it  to  be. 
There  probably  exist  five  distinct  sulpliides  of  sodium— Na.^8, 
Na,_jS,j,  Na^B^,  ^*^A'  ^^^  Na^S^.  AH  these  etxlphides  hare  aa 
alkaline  reaction  to  test-paper,  and  evolve  a  more  or  Iohh  «li»ti«ct 
odor  of  gulphuretted  hydrogen.  When  they  are  brought  into 
contact  with  an  acid  they  are  decoraposed»  sulphydrie  acid  dscapcSy 
and  a  white  precipitate  of  finely  divided  sulphur  falls,  in  every 
case  except  that  of  the  first  sulphide,  Naj^S.  Besides  these  sul- 
phides, a  compound  of  sodium ^  hydrogen,  and  sulphur  (KallS) 
is  known,  which  is  perfectly  analogous  in  composition  to  the  com» 
bination  of  sodium,  hydrogen,  and  oxygen  with  which  we  are 
already  familiar  under  the  name  of  caustic  soda  (NaHO). 
,  487.  Sodium  (Na). — The  element  Bodium  is  never  found  ua- 
combined  in  nature,  for  the  reason  that  in  its  elementary  coufli- 
tion  it  cannot  exist  in  contact  with  either  air  or  water*  It  is, 
however,  artificially  prepared  from  the  carbonate  of  sodium  with- 
out serious  difficulty,  and  it  might  be  produced  in  considerable 
quantities,  if  there  were  any  large  use  for  the  element. 
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A  mixture  of  20  parts  of  carbonate  of  aodiunii  9  partu  of  coal,  find 
3  part»  of  cbollc,  placed  in  an  iron  bottle  or  cylindt^r,  is  beatod  to  a 
Terj  bi^b  tempf>rature  in  a  suitable  furnace;  a  narrow  iron  tube  con- 
nects the  bottle,  or  cylinder,  In  tbe  furnace,  with  a  flat  abeet-iroa  box 
aut^de  the  furnace  f  this  box  receive^  tbe  sodium  which  distilB  from 
the  hot  mixture,  and  a  bole  in  tbe  front  lower  comer  of  the  receptacle 
permits  tbe  melted  metal  to  fall  into  a  vessel  containing  petroleum- 
naphtha,  beneath  which  the  sodium  can  be  preserved.  The  reaction  i^ 
theoreticallj  a  conversion  of  all  tbe  oxygen  in  tbe  carbonate  of  aodium 
into  cai-bomc  oxidpt  partly  by  a  new  combination  with  the'  carbon  in 
the  carbonate,  and  partly  by  union  witH  tbe  carbon  which  the  ooal 
iuppliea, 

NajOO,  H-  2C  ^  SCO  +  2Na; 
but  the  amount  of  sodium  practically  obtained  from  a  p^iven  weight  of 
the  matertala  is  by  no  means  aa  large  u  tlmfimple  formuhi  would  indi- 
cate. The  chalk  hna  no  chemical  effect,  but  is  practically  essential  to 
the  success  of  the  operation.  It  prevents  the  ma^  from  melting,  and 
the  (cas  which  it  gives  of}  when  heated  assists  in  sweeping  the  sodium 
out  of  the  bottle  into  the  receiver.  To  purify  the  crude  sodium  thus 
obtained,  it  is  melted  under  nnphtba  and  cast  into  ingots  in  iron 
moulds.     It  must  be  kept  under  naphtha  in  tightly  closed  bottles. 

The  properties  of  the  element,  sodium,  are  very  curious.  The 
rotjstaiice,  when  freshly  cut,  or  when  melted  under  naphtha  or  in 
an  atmosphere  artificially  deprived  of  oxygen,  has  the  brilliant, 
white  metallic  lustre  of  silver.  Though  possessing  so  eminently 
thb  characteristic  property  of  the  class  of  bodies  called  motals^ 
And  being  like  them  a  good  conductor  of  heat  and  electricity, 
Bodium  is  far  from  resembling  the  ordinary  metala  in  other  re- 
specta.  Thus  it  is  lighter  than  water,  having  a  specific  gravity  of 
only  0*972,,  whereas  the  common  metals  are  dense  and  heavy; 
again,  it  is  as  soft  ojs  wax  at  common  temperatures,  and  melts  at 
a  temperature  below  that  of  boiling  water,  while  it  has  none  of 
the  comparative  permanence  which  characteriises  lead,  tin,  copper, 
silver,  gold,  and  other  familiar  metals.  If  exposed  to  the  air, 
even  for  a  few  seconds  only,  it  tamishess,  and  soon  becomes  covered 
witli  a  coating  of  oxide.  Instead  of  being  quenched  by  water,  it 
takes  fire  when  thrown  into  warm  water.  We  have  already  eeeiii 
tliat  it  decomposes  cold  water  (Exp.  14),  setting  free  its  hydrogen,, 
and  combining  with  its  oxygen. 

Exp.  232.— Cover  the  bottom  of  a  large  bottle  (at  least  a  lite^ 
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botdd)  with  bot  water,  drop  in  a 
pea,  ftnd  inimedifttely  cover  the  mouth  ol  the  bottle  with  a  card  or 
glass  plate.  The  heat  of  the  chctnical  combination  between  the  so- 
dium and  the  oxygen  of  the  water  ia  aiiflicient  to  inJiame  the  hj-dro- 
g€n ;  ths  escaping  hydrogen  carries  with  it  a  a  mall  portion  of  the 
volatilized  eodiuni,  and  therefore  bums  with  an  intensely  yellow  flame 
which  ifl  very  chamcteristic  of  Bodi urn-compound*.  The  metAl  swimi 
rapidly  about  on  the  surface  of  the  water,  and  ia  completely  converted 
into  cauBtie  soda ;  at  a  little  intervBli  after  the  flame  has  ceased  to 
bum^  a  globule  of  caustic  soda i  which  has  escaped  solution,  bursta^  and 
Bcatters  in  all  directions;  the  month  of  the  bottle  should  nlwap  ba 
covered  to  avoid  the  possible  projection  of  particles  of  hot  soda  nut  of 
the  bottle.  The  wat-*r  in  the  bottle,  teated  with  lituiUH  paper,  will  \m 
found  to  posaeae  a  strong  alkaline  reaction.  If  the  bit  of  sodium  be 
previously  wmpped  up  in  muslin,  it  will  take  fire  in  cold  water  or  even 
on  ice.  The  muslin  prevents  the  sodium  from  moving  about,  and  the 
heat  of  combiDation  is  therefore  concentrated  upon  one  spot.  Tha 
•ame  cf!eci  may  be  pioduced  without  the  muslin  on  cold  water  mada 
viscid  with  guia. 

At  a  high  temp  era  turo  Bodium  will  remove  oxygen  from  almost 
all  bodies  which  contain  it,  whether  solid,  liquid ,  or  gaseous. 
Hence  the  necessity  of  preserving  the  metal  under  some  liquid 
which,  like  naphtha,  contains  no  oxygen.  Sodinm  entera  directly 
into  combination  with  all  the  elements  of  the  chlorine  and  sulphixr 
groupa,  and  is  capable  of  withdrawing  these  eleni en ta  from  nearly 
oil  the  compounds  into  which  they  enter.  In  this  substance^ 
therefore,  the  chemist  possesses  a  veiy  potent  agent  for  effecting 
cliemical  transformations.     Its  atomic  weight  is  i23. 

488.  Hydrate  of  Sodium  (NoHO). — When  sodium  ia  burnt  upon 
water,  a  solution  of  hydrate  of  sodium,  possessing  an  intensely 
alkaline  reaction,  remains  behind  ;  but  in  p  rue  lice  the  hydrate  ia 
generally  made  from  the  carbonate. 

ExfK  23,3. — Dissolve  lOO  grma,  of  crystallized  carbonate  of  sodium 
(§  484)  in  400  c.  c  of  water.  Slake  20  grms,  of  quicklime  with  water 
enough  to  make  the  nlaked  lime  into  a  cr^^am.  Bail  the  solution  of 
carbonate  of  soJiiim  in  an  iron  pan,  and  ndd  to  It,  lUlle  by  little,  the 
cream  of  limc^,  until  a  small  portion  of  the  liquor,  filtered  off,  pmducva 
no  efTerveseence  when  poured  into  dilute  chlnrliydnc  or  sulphuric  acid* 
The  caicium  of  the  Ume  replaces  the  sodium  in  the  carbonate  of  jo* 
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dium ;  a  white  inaolulilc  pircipitate  of  ciirbonate  of  calcium  U  fornicd, 
lod  hjdrate  of  «odiuiii  rbmaijis  in  the  aolutioQ : — 


I 
I 


» 


NhjCO.  +  OaH.O,  =  2NaH0  +  CaCO^ 

this  teflction  is  camplete,  no  carKonic  acid  remains  in  the  clenr 
tian»  which,  therefore,  causes  do  eftervescence  when  mixed  with  an 
acid-  When  this  test  shows  tlie  rt*aclion  to  be  aoeompHsht^d^  exling'uish 
tlie  lamp ;  cover  the  pan,  and  let  the  cttrhonate  of  calcium  »e\i]e  to  the 
bottom  of  the  vesseL  After  fleveral  houm,  draw  off  the  clear  Auper- 
natant  liquid  into  a  bottle  by  means  of  a  siphon,  A  weaker  lye  iiiay 
be  obtained  by  boiling'  up  the  residue  in  the  iron  pan  once  more  with 
water,  and  agam  decanting  the  clear  liquid  from  the  depoHted  pre- 
cipitate. 

The  lye  thus  prepared  contains  a  Tery  little  lime,  inaamuch  as  the 
hydrate  of  calcium  h  not  completely  insoluble  in  a  dilute  solution  of 
hydrate  of  sodium.  If  the  lye  is  needed  stronger,  it  is  only  nece».*ary 
to  conct'utrate  it  by  evaporation  in  a  clean  iron  pan  to  the  reqiil^ite 
ttrensTlh.  Since  »rida-lye  attacks  frround  glass  with  facility,  the  stop- 
pers of  botiles  in  which  the  lye  is  kept  are  apt  to  get  stuck  so  ^t  that 
tlusy  cannot  be  removed.  Such  a  bottle  may  be  best  closed  with  a 
caontchouc'-atopperf  or  a  cork  soaked  in  melted  wax  or  parathne. 

In  order  to  obtain  the  .<«olid  hydrate  of  sodium,  its  solution  must  be 
evaporatc'd  in  a  silver  dish  (since  iron  would  color  the  concentrated 
ly© )  until  the  liquid  in  the  di^h  flows  smootlily  like  oil  at  a  tempemture 
near  to  a  rifd  heat^  This  thick,  oily  liquid  solidifies  when  turned  out 
upon  a  cold  plate  of  metal  or  poured  into  metal  moulds. 

Fused  caustic  soda  is  a  white,  somewhat  translucent  mass,  whose 
composition  corresponds  to  the  formula  KaHO.  Heat  will  sepa- 
mto  from  it  no  more  water ;  if  the  attempt  be  made,  it  volatiliEea 
in  caustic  vapors  without  change  of  constitution.  The  commercial 
cauatio  soda  always  contains  much  more  water  than  the  fonnula 
isdicatea.  The  solid  hydrate  is  very'soluble  in  water,  and  greedily 
absorbs  both  water  and  carbotiic  acid  from  the  air,  until  the  for- 
mation of  a  coating  of  the  non -deliquescent  carbonate  of  sodium 
arrests  the  process  by  protecting  the  enclosed  hydrate.  It  is  the 
prototype  of  the  class  of  bodies  called  bases.  It  colors  litmus  blue 
and  turmeric  brown,  and  when  mixed  in  due  proportion  with 
oxides  of  the  opposite  quality,  called  acid,  a  saline  compound  ia 
formed  which  iB  neither  acid  nor  alkaline,  and  which  may  bear  no 
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more  resemblance  to  its  proximate  constituents  than  bread  ' 
to  flour  and  water,  or  roat  to  iron  and  oxygen. 

From  i^Ufjb  reactioaa  between  acids  and  h}  drate  of  sodium,  water 
IB  always  disengaj^ed  simultaneously  with  the  aaline  product,  and 
the  reaction  may  almost  always  be  as  well  considered  an  inter- 
change of  place  between  hydrogen  and  some  other  element  tis  an 
act  of  eorabination  between  one  oxide  and  another  oxide,  both  of 
which,  or  one  of  which,  contain  also  hydrogen.  The  following 
fonnulte  will  illustrate  the  meaning  of  thia  statement : — 

NaHO  4-  NHO,  «  NaNO,  +  HO.  or 
2  NaHO  +  HSO,  =  NaSO, 


.g"}0^?».}0. 


H 

Nano 


SO, 


+  2H,0,  or 
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Acetic  Acid.  Acetate  of  Sodium, 

While  reeogniEing  the  frequent  occurrence  of  snob  roaotiona  I 
arc  above  represented  between  hydrated  oxides,  it  must  not  be 
forgotten  that  many  anhydrous  saline  compounds  can  bo  made  by 
the  direct  combination,  under  appropriate  conditions,  of  two  oxides 
which  contain  no  hydrogen.  By  heating  one  molecule  of  hydrate 
of  sodium,  or  40  parts  by  weight,  with  one  molecule,  or  2^3  parta 
by  weight,  of  sodium,  an  oxide  of  sodium  is  obtained  which  oon- 
tains  no  hydrogen  ;  but  thia  body  has  none  of  the  properties  de- 
scribed by  the  adjective  alkaline,  any  more  than  the  anhydroas 
teroxide  of  sulphur  possesses  the  properties  suggested  to  the  mind 
by  the  term  **acid  " : — 

NaEO  +  Na  ^  Na^O   +  H. 
Now  the  very  same  sulphate  of  sodium  which  resnlts  from  ih« 
second  of  the  above  reactions,  may  bo  prepared  by  bringing  to- 
gether this  anhydrous  o^ddc  of  sodium  and  anhydrotia  aulphimo 
acud: — 

Ka,0  -I-  SO,  =  Na^SO^. 

There  exists  another  anhydrous  oxide  of  sodium*  oorreaponding 
in  composition  to  the  formula  Ka,0,,  and  the  aamo  sulphate  of 
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Ijgodium  can  be  made  by  heating  this  ddde  with  sulphurous  add 

>X0,  +  80,  =  Na,SO,, 

These  facts  show  that  a  knowledge  of  the  constitiienta  from 
irhieh  a  salt  mny  bo  made  is  not  sufficient  to  establish  any  pre- 
sumption concerning  the  molecular  constitution  of  the  salt  itself. 

The  prei»aration  of  solid  caustic  soda,  for  household  and  otiier 
uses,  has  lately  become  a  considerable  indufitry.  Soap  is  made  by 
bolHng  together  grease  or  oil  with  caustic  soda  or  potash ;  soda- 
lye  yields  a  haM  soap,  potash -lye  a  soft  soap.  If  the  maker  of 
soap  starts  from  the  carbonate  of  sodium  or  potasMuai,  ho  must 
first  make  a  solution  of  caustic  lye  by  the  method  af  Exp.  2153, 
and  then  boil  tlie  lye»  so  obtained,  with  tbo  grease  which  is  the 
other  essential  ingredient  of  soap.  The  soap-maker  is  saved  tho 
trouble  of  converting  the  carbonate  into  the  hydrate  of  sodium  or 
potassium  by  the  maker  of  the  solid  caustic  alkalies,  which  need 
<mly  to  be  dissolved  hi  water  to  yield  the  requisite  lye.  The  solid 
alkali  is  commonly  put  up  for  transportation  in  sheet-iron  canis- 
ten,Qf  all  sizes.  The  manufacturer  of  caustic  soda  directly  from 
the  sulphate  of  soda  has  an  advantage^  in  that  he  can  avail  Lim- 
iielf  of  the  caustic  soda  which  the  "  black  ash'*  always  contains. 
He  is  not  obliged,  first  to  convert  this  caustic  alkali  into  cai  bonate, 
and  then  to  remove  all  the  carbonic  acid  by  lime ;  he  can  there- 
fore  dispeuse  with  the  heating  with  sawdust  which  ia  neceasary 
in  the  mauunLi'tiu-e  of  soda-ash. 

9*  Pho»i*haUs  of  Sodium, — There  are  three  sets  of  phosphates 

•odium: — 1,  Common  phosipliates,  which  contain  tlireo  atoms  of 
hydrogen  or  an  equivfdcnt  metul ;  2.  PyropHosj)balc8,  which  oo- 
cnpy  an  intermediate  place  between  common  phosphates  and  me- 
taphosplmtos  ;  3.  Metapbosphates,  which  contain  only  one  equiviL- 
lent  of  hydrogen  or  an  equivalent  metal.  (See  §  293.) 

3HP.F0^  =  2H,P0^:     3NaAP,0,  =  2Na.P0^ 

2HV),pV),   =  II yp,  ;     2Na]0,P,0,  =  Na^P^O^ 

H/>,PA  =  2HP0,  ;     Na^O.P.O,      =  2XaPa,. 

The  most  familiar  of  the  ordinary  phosphate  i**  the  rhombio 
phosphate  of  sodium,  of  the  formula  Na  IIPO^JSH^O,  which  is 
the  »ttlt  commonly  called  phosphate  of  sodium. 
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Erp.  234. — Digest  8  grmfl.  of  powdered,  wbitSt  l)umt  hon^s 
32  c  c,  of  water  and  6  g^raa,  of  sulphuric  acid,  until  n  tmiforni  pft5t«»  if 
produced ;  strain  the  mass  throu»^h  a  piece  of  muslin,  stir  uj>  the  resi- 
due wiih  water,  and  squeeze  the  liquor  throuf^b  the  cloth  filt<sr.  Et*- 
porate  the  filtered  solution  considerably,  ag^ain  filter  otf  tho  separated 
sulphate  of  calcium,  dilute  the  tiltrate  with  water  until  it  measures  43 
c  c,  aud  gradually  neutralize  the  acidanlutioa  with  solid  carbonate  of 
sodium.  A  alight  excess  of  carbonate  may  be  added,  and  the  ^olutioa 
ifiaporated  until  it  crystallire^ :  the  crystals  may  bo  almost  freed  fmm 
adhenns  sulphate  of  sodium  by  washing  them.  By  recryataHizing-  the 
salt  it  may  be  obtained  in  large,  transparent  rhombic  prisms,  which 
Are  decidedly  efflorescent*  They  ha%e  a  cooling, saline  ta^te,  are  soluhlo 
m  four  partd  of  cold  water,  and  readily  melt  in  their  water  of  crytul- 
lizaiion  ;  their  solution  has  a  faint  alkaline  reaction. 

JjT?.  23o. — Add  to  a  solution  of  the  purified  crystals  of  the  last  ei« 
periment  a  few  drops  of  a  solution  of  nitrate  of  silver;  a  yellow  pre- 
cipitate appears,  and  the  liqidd  becomes  distinctly  acid  in  its  meaetion 
with  litmus.  The  precipitate  is  phosphate  of  silver,  and  the  acidity  is 
due  to  the  fimultaueous  liberation  of  nitric  acid  in  the  solut:on : — 
Na,HPO^  +  3AgN0,  ^  2NaN0,  +  HNO,     -»-  Ag^PO^. 

FVom  the  rhombic  phosphate  two  other  terbasic  phosphates  may  be 
prepared :— by  adding  ciiustic  soda,  a  terbasic,  or  tennetallic,  phosphate, 
NaaPOiJlJlljO ;  bv  adding  phosphoric  add,  a  so-called  "  acid  '*  phos- 
phate, NaJl.P04,lijO. 

Mrp.  230,— Heat  4  or  5  gnm.  of  rhombic  phosphate  of  smlium  in  a 
porcelain  crucible  to  bri*i:ht  redness.  The  water  of  crystallisation  iimt 
escapes,  then  another  portion  of  water  is  driven  otf  at  a  higher  heat, 
the  residue  melts,  and  on  cooling  solidifies  again  to  an  opat^ue,  whiter 
iubatance^Uie  pyrophosphate  of  sodium,  Na^PjO^: — 

2(Na,HPO^,12H,0)  =  24n,0  +  H.0  +  Na^PtO^ 

Krp,  237. — Dissolve  the  new  salt  of  the  last  experiment  in  water 
and  add  a  few  drops  of  a  solution  of  nitrate  of  silver ;  a  chalky* white 
precliiilate  of  pyroplio^phate  of  silver  will  he  produced,  while  the 
supernatant  liquid  is  neutral : — 

Na^pJOT  +  4AgN0,  »  4NaN0,  +  Ag|P,0^ 

Tho  student  will  observe,  in  passing,  that  tho  pyrophosphate  of 
Bodiutn  dissolves  in  wat«r  with  more  difficulty  than  tho  ordinary 
phoepbate.  From  its  aqueons  solution  the  pyrophosphate  cnr»» 
ialliies  in  prisims  which  contain  ten  molecules  of  water  of  cry>»t-al- 
liiation^  Nn  J^0„  lOH^.    These  crystals  are  not  efflorescent,  but 
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permanent  in  the  air.  Two  of  the  atoms  of  solium  in  neutral 
pyrophosphate  of  sodium  can  be  replaced  by  hydrognn,  and  we 
thus  obtain  a  salt  of  the  formula  NajH^PjO.  which,  like  the  neutral 
pyrophosphate,  throws  down  the  white  pyrophosphate  of  silver 
from  a  solution  of  nitrate  of  silver,  but,  unlike  the  neutral  salt, 
leaves  behind  a  liquor  acidified  with  free  nitric  acid* 

I^jrp.  258. — Mix  a  hot  solution  of  18  grras,  of  common  phosphate  of 
■odium  with  a  concentiated  solution  of  3  grms,  of  cliloride  of  ammo- 
nium; commoQ  salt  remains  in  solution,  and  transpareDt  eryatold  of  a 
complex  phosphate  of  sodium^  ammonium^  and  hydrogen  separate  from 
the  liq^uid  us  it  coob : — 

NaJIPO<  +  NH^Cl  =  NaCl  +  NaNnjIPO^. 

This  complttx  triphosphate  is  known  as  microcosme  t^aU ;  it  containa 
only  on^  atom  of  sodium. 

J^xp.  2'^0, — IleRt  the  microcosmic  salt  obtained  in  the  lost  expen- 
ment  to  rcdne-^s.  Ammonia  and  wattr  are  driven  off  with  a  great 
bubbling,  and  a  plaswy  eub-^tance  ia  left  which  corre3pond3  to  the  fo^- 
inula  NaPO^f  and  is  called  the  mctnphosphate  of  sodium.  Thi9  salt 
cannot  be  obtained  by  this  process  in  crystals ;  it  is  deliquescent  and 
▼liry  soluble. 

£rp*  240.— Dissolve  in  water  some  of  the  metaphosph ate  just  made, 
and  add  a  few  drops  of  the  solution  to  a  solution  of  nitrate  of  silver. 

The  precipitate  produced  is  white,  but  ^4atinous ;  its  appearance 
is  quite  different  from  that  of  the  pyrophosphate  of  silver.  The  meta- 
phosphate  of  silver  is  soluble  in  an  exces^s  of  metaphosphate  ofsodiumy 
flo  that  a  sufficient  quantity  of  the  sodium-salt  will  redissolve  the 
«lvpr-s«lt  precipitate  which  the  first  addition  of  the  sodium-salt  pro- 
duced. It  may  be  observed^  that  the  solution  of  metaphosphate  of 
•odium  possesses  a  feebly  acid  reaction. 

The  metaphosphate  of  sodium  exists  in  several  distinct  modifi- 
cations; or,  in  other  words,  there  are  several  sodium-salts  which 
©orrespond  to  the  fonnula  NuPO,.  The  most  noteworthy  modi- 
fications arc  the  glassy  salt  just  prepared,  a  crystulltzuble  modifi- 
cation»  and  a  vnrioty  which  is  almost  insoluble  in  water  though 
soluble  in  acids.  Pyrophosphates  and  meto phosphates  are  alike 
converted  into  common  ter- metallic  phosphates  by  long  boiling 
with  water  in  an  acid  liquid,  or  by  fusion  with  an  excess  of  caua- 
tic  alkali.  The  metaphosphate  may  also  be  converted  into  the 
pyrophosphate  by  mere  heat  in  presence  of  water.     The  mota- 
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phosphate,  when  dried  at  100°,  retains  a  certain  portion  of  water; 
hut  this  water  does  not  enter  into  the  constitution  of  Uie  salt, 
for,  on  again  dissolving  the  salt,  the  solution  gives  the  usual  re- 
actions of  the  metaphosphatc.  If,  however,  the  water-con tiin- 
mg  salt  he  heated  to  150°,  the  water  enters  into  the  conatitntiaa 
of  the  salt,  which  becomes  the  "  acid"  pyrophosphate  of  sodium^ 
yielding,  on  solution,  the  reaction  of  the  pyrophosphates ; — 

2NaP0,  +  H,0  =  Na^H,P,0,, 

We  have  here  a  striking  illustration  of  the  fact  that  two  sub- 
Btances,  which  contain  precisely  the  same  elements  in  the  same 
proportions,  may  have  quite  different  properties  in  oonsequonee  of 
the  different  arrangement  of  their  elements,  or,  in  other  words, 
of  their  different  molecular  constitution, 

490.  Mora.v  (l^a^Bp,,Wllfi=^afi,2Bp^^lORJi)},^ThB 
dualistie.  formula  of  this  uHoful  halt  accounts  for  its  chemical 
name — ir»'horate  of  sodium.  The  greater  part  of  the  borux  uned 
in  the  arts  is  prepared  by  dissolving  the  native  boracic  acid  of 
Tuscany  (§  443)  in  a  hot  solution  of  carhonate  of  sodium*  After 
all  the  carbonic  acid  has  escaped,  the  hot  liquid  is  allowed  to 
§cttle  and  cool.  Either  of  two  differr^nt  crystillino  form 8  of 
borax  may  bo  obtained,  at  will,  by  suitably  regulating  the  density 
of  the  solution  and  the  temperature  at  which  crystallization  takes 
place.  One  of  these  forms,  prismatic  or  common  borax,  oontiuns 
10  molecules  of  water  of  crystallization ;  the  other*  called  octa- 
hedral borax,  only  5.  Both  varieties  must  be  purifietl  by  recn;**- 
talliitation.  The  large  crj'stals,  in  which  borax  is  demanded  for 
the  market,  can  only  be  obtained  by  operating  on  very  large 
maiises  of  the  salt, — a  remark  which  applies  to  most  of  the  crys- 
talline salts  which  are  used  in  the  arts.  The  crystals  of  octa- 
hedral borax  are  harder  and  less  fragile  than  those  of  ordinary 
borax*  They  are  unalterable  in  dry  air,  but  in  a  moist  atmo- 
gphere  they  absorb  water  and  are  converted  iuto  common  borjix. 
When  heated,  they  fuse  to  an  anhydrous  glass  with  loss  intn- 
TOOHcenco  than  common  borax,  and  without  cracking.  For  these 
Ideations,  octahedral  borax  is  better  than  prismaUo  borax  for 
many  purposes,  and  its  smaller  proportion  of  water  00  per  cent, 
agtiinst  47  per  cent.)  dimini&hes  the  cost  of  transport.     Never- 
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thotes§  Uie  prismatic  borax  ib  generally  preferred,  probaLIy  be- 
cause it  is  sold  at  a  less  price,  weight  for  weight.  The  prismalio 
crystals  are  soluble  in  about  half  their  weight  of  boiling  waler^ 
but  in  twelve  times  their  weight  of  cold  water;  as  thej  are 
*»Ugbtly  effloreseent,  tliey  are  generally  covered  with  a  white 
dust  J^orax  has  a  feebly  alkaline  taste  and  reaction.  When 
heated  it  bubbles  up,  losea  its  water^  and  melts  below  redness 
into  a  transparent  glass ;  this  glass  dissolvos  many  oxides  of  the 
metab,  acquiring  thereby  various  colors  characteriiitic  of  these 
oxides.  Ht^nco  borax  is  much  used  a^  a  blowpipe  test  for  deter* 
mining  the  presence  of  certain  oxides  of  tlie  metals. 

E^q9,  24L — Miike  a  little  loop,  about  as  large  as  this  O^  on  the  end 
of  a  bit  of  fine  platinum  wire  G  ot  8  c.m.  long.  Mnl««  the  loop  white- 
hot  in  tbe  blowpipe-Hume,  and  thrust  it  while  Lot  into  some  powd*^red 
borBi[ ;  »  quantity  of  borax^  will  adhere  to  the  hot  wire ;  reheat  the 
loop  in  the  oxidizing  flame ;  the  borajc  will  puff  up  at  tirst,  and  then 
fiije  to  a  tran^ai^nt  glas;^  If  enough  borax  to  form  a  solid  traus- 
parent  b«*ad  within  the  loop  does  not  adhere  to  the  hot  wire  tbe  iirst 
time,  the  hot  loop  may  be  dipped  a  second  lime  into  the  powderi  d 
b>nuc.  When  a  transparent  glass  has  been  formed  within  the  loop  of 
the  platinum  wire,  tout-h  the  bead  of  glasa,  while  it  ia  hot  and  soft,  to 
a  speck  of  black  oxide  of  manganese  no  bigger  than  the  period  of  this 
typ« ;  nehent  the  bead  with  the  adhering  particle  of  oxide  in  the  oxi- 
dising tiame ;  the  black  i^peek  will  grarluaUv  dissolve,  and  on  looking 
through  the  bead  towards  the  light,  or  a  white  wall^  when  the  black 
oxide  hits  disappeared  J  the  gloss  will  be  seen  to  have  assumed  a 
purplish-rod  color. 

The  same  experiment  may  be  petforraed  with  oxide  of  iron,  which 
Imparts  to  the  glass  a  yellow  color,  or  v.i\h  oxide  of  copper,  which 
imparts  a  bhuish-gretn  color.  The  oxiilijting  flume  must  be  used  in 
both  these  cases^  as  with  the  oxide  of  manganese. 

The  power  which  borax  possesses  of  dissolving  metallic  oxides 
snggc'Sta  an  explanation  of  its  nse  in  brazing,  and  in  soldering 
the  precious  metals.  The  solder  will  only  adhere  to  a  bright  and 
clean  metallic  surface,  and  the  borax  which  melts  witli  the  solder 
removes  &om  the  pieces  of  metal  the  film  of  oxide  which  would 
oUierwii^e  prevent  the  adhesion  of  the  solder.  Borax  is  also  used 
by  the  ass^ycr  and  reliner  as  a  flux.  In  making  enamels  and 
glazes,  it  ia  frequently  added  for  the  purpose  of  rendering  the 
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csom pound  more  fusible,  and  it  ia  largely  employed  in  fixing  eolois 
on  porcelain. 

There  is  a  normal,  or  neutral,  borate  of  sodium,  NaBO,  or 
Na^O^BjiO,,  which  crystallizes  with  various  quantities  of  water; 
and  other  borates  of  sodiiira  are  known ;  but  the  *'biborate"  is 
the  only  one  of  any  practical  importance. 

491.  StUcaUs  of  Sodium  may  be  prepared  by  dissolving  silicfo 
add  in  caustic  aoda,  as  in  Exp.  220,  or  by  fusing  together  silicio 
acid  and  carbonate  of  eodiura,  or  a  mixture  of  silicic  acid,  sul- 
phate of  sodium,  and  carbon.  From  alltaline  solutions,  the  single 
crystal lizable  silicate  of  sodium,  Na^SiO,,  can  readily  bo  obtained 
in  h)  dmlcd  cry :; tab.  The  silicate  of  sodium  of  commerce,  called 
waterglass  or  soluble  glass,  is,  however,  a  much  more  siliceont 
silicate,  of  varying  composition.  Some  samples  of  it  have  very 
nearly  the  composition  expressed  by  the  formula  Na,0, 2SiO,, 
whUo  other  specimens  approximate  to  the  formula  Na^O,  4SiO^. 
Between  these  extremes,  the  acid  and  the  alkali  unite  in  all 
p03aible  proportions  to  form  compounds,  all  of  which  are  aolublq 
with  more  or  less  diRiciilty  in  boiling  water, 

llie  normal  silicate  of  sodium  (Na^SiOj  is  readily  iwlnblc  in 
cold  water,  and,  like  carbonate  of  sodium,  which  it  closely  ro- 
sembles,  may  even  be  melted  in  its  own  wuter  of  crystallization ; 
but  the  acid  salt  of  commerce  is  as  good  as  insolnble  in  cold 
water,  Waterglass  may,  however,  be  completely  dissolved  by 
long-continued  boiling  in  water,  and  the  solution  thus  obtained  is 
largely  employed  by  calico-printers  and  by  soapmakcra.  Water- 
glass  is  also  used  for  hardening  porous  stones^  or  even  for  bind- 
ing sand  into  artiticial  atone,  for  painting  rough  woodwork  to  pro- 
tect it  from  the  weather,  and  for  diminishing  the  oombustihility 
of  wood,  canvas,  and  other  coarse  stuffs,  such  as  are  used  for  the 
decorations  of  theatres.  It  has  been  suggested  that  the  interior 
surfaces  of  wootlcn- roofed  railway  bndges  might  bo  pi^oteeted 
from  the  sparks  of  tlie  locomotive  by  wa&hing  them  with  a  soln- 
tien  of  waterglass.  When  employed  as  paint,  tho  coating  of 
waterglass  may  be  washed  over  with  a  solution  of  chloride  of 
ammonium,  which  decomposes  the  silicate,  with  deposition  of  free 
silicic  acid ;  or  the  silicate  may  simply  bo  left  to  the  dcc*om|>osing 
action  of  atmospheric  carbonic  acid.     The  chloride  of  sodium 
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resulting  from  the  decomposition  in  the  one  case,  and  tlie  carbo- 
nate of  sodium  in  the  other,  aro  subsequently  washed  away  by 
the  rain»  Combustible  matters,  when  covered  with  a  coating  of 
ailica,  or  of  silicate  of  sodium^  as  above,  are  prevented  from  burn- 
ing tiecly,  in  the  same  manner  that  the  carbon  of  the  paper  in  Exp. 
110  waa  kept  from  burning  by  the  coating  of  phosphoric  acid. 

4^2.  The  chief  use  of  silicate  of  aodium,  however,  is  as  a  com- 
ponent of  common  glass.  The  various  glasses  of  commerce  are 
mixtures  of  a  highly  siliceous  silicate  of  sodium,  or  of  potassium, 
or  of  both  these  substances,  with  silicates  of  other  metals,  such  aa 
calcium,  aluminum,  and  lead.  In  green  bottle-gliiss  the  easily 
fusible  silicate  of  iron  replaces  in  p^  the  silicate  of  sodium  or 
af  potassium. 

It  is  a  peciilianty  of  the  alkaline  silicates  that,  in  changing 
from  the  liquid  to  the  solid  state,  they  pass  through  an  inter- 
mediate pasty  or  viscous  stage,  and  finaDy  solidify  in  transparent 
amorphous  masses,  totally  devoid  of  crystalline  structure.  While 
in  this  pasty^  ductile  state,  these  silicates  may  readily  be  moulded 
into  almost  any  form ;  and  transparent  vessels  might  doubtless  bo 
made  from  the  acid  alkaline  silicates  without  admixture  of  other 
materials.  The  alkaline  silicates,  however,  are,  by  themselves, 
for  too  easily  acted  upon  by  air  and  moisture  to  admit  of  being 
UBed  as  substitutes  for  ordinary  glass.  But  it  has  been  found 
that,  by  combining  the  alkaline  silicates  with  the  silicates  of 
certain  other  metals,  such  as  calcium,  there  may  be  obtained 
compound  glasses  which,  while  they  retain  the  plasticity  of  tho 
alkaline  silicates  as  well  as  their  amorphous  character  and  trans- 
parency, are  capable  of  resisting  the  action  not  only  of  air  and 
water,  but  even  of  acids  and  alkalies,  to  a  very  great  extent. 
Though  tho  ordinary  glasses  are  so  difficultly  attacked  by  water 
that  they  may,  for  most  practical  purposes^  be  regarded  as  alto- 
gether insoluble,  it  is  nevertheless  tine,  as  has  been  stated  in 
§  464,  that  glass  may  be  partitilly  dissolved  by  long-continued 
oontact  with  water,  particularly  if  the  water  be  hot  and  the  gloss 
in  the  condition  of  powder.  After  the  smooth  surface  of  glass,  as 
it  comes  from  the  fire,  has  once  been  removed,  the  corrosion  of 
the  glass  goes  on  more  rapidly. 

It  is  remarkable  that  mixtures  composed  of  several  difiTcrent 
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silicates  melt  at  torn peratii res  considerably  lower  than  the  mean 
of  the  molling-poinU  of  their  several  ingredients. 

The  different  varieties  of  glass  vary  in  compositioTii  according 
to  the  purposes  for  which  they  are  prepared ;  they  cannot  be  re- 
garded as  chemical  compounds,  being  really  indefinite  mixturen  of 
various  acid  silicates.  The  composition  of  window-glass  may  ho  re- 
presented  approximately  by  the  fonnula  Ka^O,  2SiO^;  CaO^  28iO^ ; 
and  that  of  the  hard,  Bohemian  glass,  suitable  for  igmtion- 
tubes,  by  the  formula  2(K^O,3SiOJ;  3(CaO,3SiOj.  The  lii». 
trous  "flint"  glass,  empkyed  for  the  nicer  kinds  of  household 
ware,  may,  on  the  other  hand,  be  represented  by  the  formula 
2(K,0,  28iO J ;  :i(PbO,  2SiOj  ;  it  is  prepared  from  the  purest 
materials  attainable.  Battle-glass  is  composed  of  the  silicates  of 
lime  and  of  alumina,  together  with  a  small  proportion  of  the 
silicates  of  iron,  of  potassium,  and  of  sodium  ;  in  this  gloss,  n«  in 
the  other  varieties  above  formulated,  small  quantities  of  various 
other  silicates,  such  as  the  silicatea  of  magnesium  and  of  maiiga- 
nese,  almost  always  occur. 

In  the  preparation  of  the  cheaper  kinds  of  glass  the  materials 
are  melted  in  large  open  cruriblei*  of  refractory  clay  ;  but  the  bet* 
ter  sorU  of  gla^s,  »uch  as  flint-glass,  are  made  in  pots  so  covered 
that  no  smoko  or  dust  from  the  fii-e  can  come  in  contact  with 
their  contents.  In  both  cases  the  thoroughly  melted  mixture  m 
kept  in  the  liijuid  slate  until  it  has  become  perfectly  homogeneous 
and  until  all  bubbles  of  air  have  escaped  from  it;  it  is  then 
allowed  to  cool  to  the  temperature  at  which  it  possesses  the 
peculiar,  pasty,  ductile,  condition  in  which  it  admits  of  "bein^ 
blown,  pressed,  and  moulded. 

49ii.  After  glass  has  been  motilded  into  the  fthape  desired,  it 
must  still  be  subjected  to  a  process  of  annealing  before  it  can  be 
used*  Glnsfi  which  has  been  suddenly  cooled  after  fusion  is  ex- 
tremely brittle:  and  in  genera!  all  glass  wliieh  has  been  quickly 
cooled  after  heating  is  far  more  fragile  than  that  which  ha*  beta 
allowed  to  cool  gradually.  The  operation  of  annealing  is  nothing 
but  a  process  of  blow  baking,  at  a  temperature  whieh,  though  not 
BO  high  as  the  melting-point  of  glass,  is  nevertheless  high  enough 
to  allow  the  parlielcs  of  softened  glass  to  move  among  Uiem'- 
solves,  ajid  to  come  into  easy  and  natural  positions  aa  regard! 
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another ;  after  the  1>aldng  fuUowa  a  process  of  dow  cooling, 
during  which  the  heated  maLerial  contracts  uniformly  in  all 
directions  as  it  ftssumos  the  dimensions  proper  to  it  when  cold* 

Unlike  the  silicates  of  the  nlkali-metals,  most  mctaUic  silicatea 
have  a  tendency  to  assume  crystalline  form  on  cooling^  and  it  is 
not  difficult  to  bring  about  crystalliaiatiott  of  silicate  of  calcium, 
or  silicate  of  aluminum^  from  ordinary  glass,  particularly  from 
the  coarser  kindsi  such  as  bottle-glass.  Glass,  in  which  some  of 
the  constituents  have  thus  crystal liaed,  has  the  appearance  of 
porcelain ;  it  is  said  to  be  devHtlJied,  The  devitrification  may 
readily  be  shown  by  imbedding  hottle-glass  in  sand,  heating  the 
glass  almost  to  the  mclting-poiEt,  and  then  allowing  it  to  cool 
slowly.  In  annealing  some  kinds  of  glass  care  must  be  taken 
not  to  heat  the  ware  too  strongly,  lest  it  be  devitiified  during  the 
process. 

4^4.  Sleltcd  glass,  like  melted  borax  (Exp.  241),  is  capable  of 
dissolviug  small  quantities  of  many  of  the  metallic  oxidos,  a  trans- 
parent and  often  colored  silicate  of  the  oxide  being  formed,  which 
imparts  its  hue  to  the  entire  mass  of  glass.  In  this  way,  glass 
niay  be  obtained  of  almost  any  desired  color.  The  green  color 
of  bottle-glass  is  due  to  silicate  of  protoxide  of  iron ;  but  richer 
ihadcs  of  green  may  be  obt^iined  by  using  protoxide  of  copper  or 
Oxido  of  chromium.  Dioxide  of  copper  gives  a  ruby-red  color, 
and  oxide  of  gold  various  shades  of  red,  inclining  to  puqde. 
The  oxidefi  of  uranium,  of  antimony,  and  of  silver  yield  yellow 
gl8SS43S ;  oxide  of  cobalt  affords  a  beautiful  blue,  and  the  binoxide 
of  manganese  a  Tiolet  glass ;  whde  mixtures  of  the  oxides  of  cobalt 
and  of  manganese  impart  to  the  glass  a  black  color. 

4J>5.  Hyposulphite  af  Sodium  (Na,^Sj,0^.  5H,0).— This  easily 
crystallized  and  tolerably  permanent  salt  is  of  great  use  to  the 
photographer,  l>ecause  its  aqueous  solution  is  capable  of  render^ 
ing  soluble  the  chloride^  bromide,  and  iodide  of  silvt^r,  compounds 
much  employed  by  the  photographer,  and  very  insoluble  in  water. 
The  photographic  paper  or  gla;$s,  uniformly  coated  with  some 
iilver  compound,  is  exposed  to  light  in  the  camera  or  press,  and 
then  immersed  in  a  strong  solution  of  the  hyposulpliite,  which 
forms  with  the  silver  compound,  in  those  parts  of  the  picture 
which  have  not  been  acted  upon  by  the  light,  a  double  salt  which 
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18  soluble  in  water.  This  double  salt  and  the  superfluous  hj-j 
Bulphite  muflt  be  washed  away  by  soaking  the  picture  Beveral 
hours  in  water  which  is  constantly  renewed.  Hyposulphite  of 
fioditim  is  also  used  as  an  **  antichfore,"  or  agent  for  remonng 
the  last  traces  of  <;hlorine,  or  hypochlorous  acid,  from  substances 
which  have  been  bleached  therewith*  The  salt  may  be  best  pre- 
pared by  digesting  sulphur  \vith  a  solution  of  sulphite  of  sodium. 

Ilxp.  242. — Dissolve  SOgrms.  of  crystallixed  carbonate  of  sodium  in 
S0_40  c.  c.  of  water.  Place  the  solution  in  a  small  Wo»dfe-bottle,  and 
pass  Butphtiroiis  acid  gas  (Exp.  90)  tlirough  it  until  all  the  carbonic 
acid  is  expelltyd  from  the  carbonate  and  enenresFCence  ceases.  TLe 
liquid  then  hoMj*  in  aoltition  sulphite  of  sodium  (Na,SOJ,  Pour  thb 
solution  into  a  bottle  which  can  be  tightly  closed,  and  add  to  it  3  or  4 
grms.  of  finely  powdered  sutpliur  \  let  this  mixture  stand  corked  up  for 
several  days  in  a  warm  place ;  the  sulphur  will  gradually  dissolve^  and 
form  a  colorlesi?  aoiytion,  which  on  evaporation  will  yield  crystals  of 
h3'po9iilphite  of  sodium.  Time  may  be  saved  by  keeping  the  saluiion 
of  siiljdiite  of  sodiam  hot,  but  not  boiling,  during  the  digestion  of  lh« 
tulphur.    The  reaction  has  been  already  formulated  (J  243)* 
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496.  The  proximate  sources  of  sodium -compoTinds  are  tht  sea, 
End  salt  springs  and  deposits.  Potassium-compounds,  on  the 
other  hand,  are  derived  indirectly  from  the  soil.  Arable  soils  ar© 
produced  by  the  weathering  and  gradual  decompositioa  of  th^ 
common  granitic  rocks.  Into  the  composition  of  these  rocks  there 
enter  two  minerals,  called  feldspar  and  mica,  which  are  mixed 
silicates  of  potassium  or  sodium  and  aluminum  or  iron.  The 
element  potassium  thus  becomes  a  normal  constituent  of  the 
earthy  food  of  plants.  The  soil  itself  is  not  directly  available  as 
a  source  of  potassium -salts,  because  no  cheap  and  easy  method 
has  yet  been  devised  for  separating  the  potassium-compounda 
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from  the  other  iDgredicnts  of  the  soil.  Plants,  however,  are  able 
to  pick  out  and  assimilate  the  potassium -salts  from  these  rocks 
find  fioihi ;  6o  that  by  burning  the  plants  and  extracting  the  ashes 
with  water  a  soluble  potassium -salt  is  obtained.  Plants  thus  con- 
centrate the  potassium  from  out  great  masses  of  earth »  and  mako 
it  accessible  to  us.  The  salt  which  is  obtained  from  the  ashes  of 
plants  bv  washing  and  evaporation,  is  called  potash^  or,  if  refined, 
ptarfash,  and  it  is  from  this  subst&nce  that  the  bulk  of  potassium- 
compounds  arc  obtained. 

£xp.  243. — Place  a  handfnl  of  wood-ashes  on  a  filter^  and  pour  hot 
water  o?er  them,  collecting  the  filtrate  in  a  bottle  and  returning'  it  upon 
the  ashed  two  or  three  times^  in  order  to  obtain  a  8tr<inger  solution. 
To  exhaust  the  ashes  of  their  potash,  th^j  must,  of  course,  be  treated 
with  successive  portions  of  hot  water.  This  iiolution  has  a  strong  alka- 
Uno  reaction  upon  te&t-pnper.  A  few  drops  of  it,  poured  into  a  test- 
tube  containing  a  little  dilute  acid,  occasion  a  brisk  effervescence,  a 
feaction  from  which  wt3  read iljr  surmise  the  truth,  that  the  potassiiim- 
0alt  contained  in  the  solution  k  the  carbonate  of  potassium.  Proof  that 
the  gas  evolved  is  carbonic  acid  can  readily  be  obtained  bj  conducting 
the  gas  into  lime-water^  lis  in  Exp.  170.  By  evaporating  the  rest  of 
the  solution  to  dryness  in  a  porcelain  dish,  we  obtain  a  small  sample  of 
crude  potash.  By  treating  this  potash  with  a  quantity  of  cold  water, 
insufficient  to  dissolve  any  but  the  most  soluble  portions  of  the  masa^ 
letting  the  mixture  stand  some  time,  and  evaporating  the  partial  solu- 
tion to  dryness,  a  whiter^  purer  carbonate  is  obtained|  the  pearlash. 

497.  CarbonaU  of  Potassium  (K,CO,)  is  &  hygroscopic  and 
very  soluble  salt.  When  exposed  to  damp  air  it  becomes  moist^ 
and  Enally  deliquesces.  In  this  respect  it  does  not  resemble 
eoda-ash«  which  b  not  hygroscopic,  and  is,  for  this  reason  among 
others,  better  adapted  than  potash  for  transportation,  storing,  and 
most  commercial  uses.  Carbonate  of  potassium  fuses  at  a  red 
heat,  but  cannot  be  decomposed  by  heat  alone.  At  a  red  heat  it 
is  decomposed  by  silica,  as  is  also  tho  carbonate  of  sodium,  car- 
bonic acid  being  expelled  with  effervescence,  whilst  the  ailicft 
unites  with  the  alkali.  Advantage  is  taken  of  this  property  in 
the  analysis  of  minerals  which  contain  a  large  quantity  of  silica, 
and  are  not  easiJy  decomposed  by  acids.  The  finely  powdered 
mineral  is  fused  with  about  three  times  its  weight  of  carbonate  of 
sodium  or  of  potabsium,  or,  better,  with  thrice  its  weight  of  a 
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mixture  of  5|  parts  of  carbonate  of  sodium  with  7  parta  «3f  car* 
bonate  of  potajssium.  The  mixed  carbonates  produce  a  more 
fusible  mixture  tbnti  either  alone  (§  41)2).  The  fused  mass  is 
then  treated  with  dilute  chlorhydnc  acid»  which  decomposes  lU© 
alkctline  silicates,  and  dif^solvea  all  the  bases  of  the  mineral  which 
were  before  combined  with  the  silica. 

Carbonate  of  potassium  was  the  most  important  aonroe  of  otttali, 
until  Leblanc's  process  made  aoda  cheaper  than  pota$k«  It  is  still 
Largely  consumed  in  the  manufacture  of  soap,  ghsa^  caustic  pot- 
ash, and  other  compounds  of  potassium ;  but  sodium-salts  bave» 
to  a  great  extent,  displaood  potassium -aalts  in  commerce  aQd 
the  arts. 

498,  CarhcmaU  of  Fbtauium  and  Hydrogen  (KHCOJ.— This 
salt*  commonly  called  the  **  bicarbonate  *'  of  potassium  (K^O^ 
11^0,2003),  is  prepared  by  passing  a  current  of  carbonic  acid 
through  a  strong  solution  of  carbonate  of  potassium ;  crystals  of 
the  bicarbonate  will  be  deposited,  which  are  permanent  in  the 
air,  and  require  about  4  parts  of  cold  water  for  solution.  When 
the  solution  of  this  salt  is  long  exposed  to  the  air,  or  boiled,  it 
loses  one-fourth  of  its  carbonic  acid ;  when  the  dry  salt  is  fused, 
it  loses  half  its  carbonic  acid,  and  is  converted  into  the  carbonatcw 
It  is  a  valuable  salt  to  the  chemist  and  the  apothecary,  because  it 
can  be  readily  obtained  in  a  state  of  purity;  when  itself  made 
from  a  refined  carbonate  of  potassium,  it  may  be  advantagcoujsly 
used  as  the  material  fr!>m  which  to  prepare  other  pure  compounds 
of  this  important  element. 

4[)9.  ihjdrate  of  PoUiBsinm  (KHO),— The  manufacture  of  hy- 
drate of  potassium,  from  carbonate  of  potassium,  rCsembk*8,  in 
every  detail,  the  preparation  of  caiialic  soda  from  carbonate  of 
sodium  (Exp,  23;i).  The  carbonate  of  potassium  is  dissolved  in 
10  or  12  times  its  weight  of  water,  and  decomposed  by  a  cream  of 
lime;  carbonate  of  calcium  is  precipitated,  and  hydrate  of  pi>ta»- 
sium  remains  in  solution.  AO  that  has  been  said  of  the  concen- 
tration of  the  solution  of  hydrate  of  sodium  (§  488)  is  true,  also, 
of  hydrate  of  potassium. 

Hydrate  of  potassium  is  a  hard,  whitish  stibstanee,  possessing 
a  peculiar  odor  and  a  verj'  acrid  taste.  Like  tho  hydrnte  of  so- 
dium, it  rapidly  absorbs  moisture  and  carbonic  add  Irom  iIm  lur  : 
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And  ainee  the  curbonate  of  potassium  thus  fonned  is  a  deliques- 
cent salt,  this  change  wiH  go  on  until  the  entire  mass  of  hydrate 
is  coaverl^'d  into  a  Byrup  of  the  carbonate ;  whereas,  in  the  case 
of  hydrate  of  sodium,  the  absorption  of  water  and  carbonic  acid 
IS  soon  arrested  by  the  formation  of  a  coating  of  non-deHqaeacent 
carbonate  of  sodium  upon  the  surface  of  the  lump  of  hydrate.  In 
chemical  industries  and  speculations^  the  question  of  success  or 
failure  often  turns  on  such  points  as  this ;  the  advantage  of  a  new 
material,  for  c^cample,  often  depends  upon  just  such  dLSerencea  as 
this  between  caustic  soda  and  caustic  potash. 

500.  The  hydrate  of  potassium,  cast  into  small  sticks,  is  em« 
ployed  by  physicians  as  a  cautery  ,^ — a  use  which  illustrates  forcibly 
its  destructive  effect  upon  animal  and  vegetable  matters.  like 
hydrate  of  sodium,  its  solution  destroys  ordinary  paper,  and 
eannot  be  filtered  except  through  asbestos,  or  gun-cotton,  A 
dear  solution  is  best  obtained  by  decantatiou  from  the  subsided 
impurities.  All  vessels  made  of  materials  which  contain  silica 
Are  attacked  by  this  caustic  solution ;  and  even  platinum  is  slowly 
oaddized  in  its  presence ;  vessels  of  gold  and  silver  resist  it  best. 
This  hydrate,  like  that  of  sodium,  forms  soaps  with  oils  or  fats ; 
the  sodium-soaps  are  hard,  the  potassium-  soft.  At  a  high  tem- 
perature hydrate  of  potassium  volatilizes  without  change ;  heat 
alone  cannot  decompose  the  caustic  alkalies.  In  the  chemical 
laboratory,  solutions  of  caustic  potash  and  caustic  soda  are  in 
frequent  use  for  absorbing  acid  gases,  such  as  carbonic  acid,  and 
especially  for  separating  the  hydrates  of  other  metals  from  solu- 
tions of  their  salts, 

Srp.  244. — Dissolve  a  cnrstal  of  blue  vitriol  (sulpbate  of  copper)  in 
a  few  centimetres  of  cold  water,  and  add  to  the  aolutioa  several  drops 
of  a  solntiou  of  caustic  soda  (or  pitaab)*  The  hydrate  of  copper  is 
precipitAted  as  a  dehcate,  blue,  in5oluble  powder,  while  colorless  sol- 
phate  of  sodium  (or  potasaium)  remains  in  solution. 

CuSO^    +    2NaH0    *=    CuH,0,    +     NajSO.. 
S^fphatt  &f  Copper,  Hydrate  of  Copper^ 

Exp.  245. — Place  in  a  small  flask  4  or  5  grms.  of  chalk  or  marble 

^pui>anat4d  of  calcium),  and  7  or  8  c,  c.  of  water;  tben  cautiously  add 

B&lorbydric  acid,  little  by  little,  until  efiervescence  ceases  and  the 

dialk  is  dissolved.    When  the  effervescence  is  not  violent^  the  flask 
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mux  be  wanned  to  facilit-ate  the  process  of  solutioii,  A  raiber  con- 
centrated solution  of  chloride  of  catdum  will  thus  be  obtained. 

Caco,   -I-   snci   =    CaCL    4-   n,o   +   CO^ 

Carhotiait  of  Calcium,         Ottonde  of  Calcium. 

Add  to  this  solution  a  few  drops  of  a  solution  of  caustic  soda,  which  i» 
free  from  caTbouic  acid.  A  white  precipitate  of  hydrate  of  caldum 
will  )mmviliHtt*ly  appeal',  since  this  hydrate  is  insoluble  in  the  men- 
strutim,  while  chloride  of  sodium  will  be  found  in  the  clear  soluti^ 

CaClj    +    2NaII0     =     CaH,Oj    +    2NaCL 
MydrttU  of  Calcium* 

501,  On  account  of  this  power  of  precipit^iting  other  hydral 
from  solutions  of  their  salts,  the  caustic  alkalies  are  often  called 
stronff  hascA,  aa  he  is  the  strongest  wrestler  who  throws  his  ad- 
versai-y ;  but  this  term  **  strong'*  is  applied  to  bases  and  acids  so 
confusedly  as  to  he  frequently  a  hindrance  rather  than  a  help  in 
clasaification.  Thus,  if  the  reaction  which  occurs  in  the  prepa- 
ration of  caustic  soda  (Exp.  233),  between  carbonate  of  sodium 
and  hydrate  of  c^ciura,  be  compared  with  the  reaction  last  given 
between  chloride  of  calcium  and  hydrate  of  sodium,  it  will  be  seem 
that  in  the  drst  calcium  displaces  sodium,  while  in  the  seooiid 
sodium  displaccfl  calcium ;  in  the  one  case  hydrate  of  sodium  is 
eliminated  from  the  reaction,  and  in  the  other  hydrate  of  calcium, 
8o  of  acids ;  we  have  before  had  occasion  to  remark  that,  of  two 
acids,  now  the  one  and  now  the  other  will  be  stronger,  accord- 
ing to  the  temperature  at  which  the  content  between  them  takes 
place,  or  other  extrinsic  conditions.  Thus  sulphuno  acid  is  at 
certain  temperatures  capable  of  diRplaciiig  phosphoric  acid  or 
borucic  acid,  but  at  high  temperatures  both  those  acids  displace 
it  (§§  294,  448).  It  is  obvious  that  the  definition  of  the  term 
**  strenj^jth ''  must  he  very  vague  and  unsatisfactory  when  applied 
to  relations  thus  capable  of  actual  reversal.  Two  general  prin- 
ciples, howcTer,  have  been  arrived  at  through  the  comj^aratiTo 
study  of  such  reactions ;  these  are : — Ist,  When  from  all  or  part 
of  the  elements  of  any  mixture  of  liquefied  materials  a  suhstiuice 
can  be  formed  which  is  insoluble  in  the  existing  menstninmi  that 
iubstance  will  separate  in  the  solid  state ;  !c2nd.  When  from  lit 
er  part  of  the  elements  of  a  solid  or  liquid  mixture  a  substanf^e 
tfson  be  coinpuunded  which  is  volatile  at  the  existing,  or  induotTd, 
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temperahire,  tbat  fmbstance  will  be  eliminated  id  the  gaseous 
state.  In  either  case  such  iDterchoiige  of  atoms  as  may  be  essen- 
tial to  the  formation  of  the  eliminated  substance,  takes  place,  and 
the  remaining  elements  necessarily  adjuat  themselves  to  new  re- 
lations. Such  insoluble  precipitates  often  present  peculiarities  of 
color  or  texture  by  which  they  may  bo  recognized;  and  such 
volatile  gases  may  frequently  be  identified  by  their  color,  odor, 
or  specific  gravity,  or  by  the  chemical  effects  which  tbey  are 
capable  of  producing-  If  every  chemical  element  were  known  to 
yield,  under  attainable  conditions,  a  characteristic  precipitate,  or 
to  evolve  a  peculiar  and  recognizable  gas,  the  analytical  chemist 
would  possess  the  means  of  detecting  every  element  with  cer- 
tainty. This  is  to  a  great  extent  the  case,  and  chemical  analysis 
is  chiefly  based  upon  a  knowledge  of  the  degrees  of  solubility 
and  volatility  which  belong  to  a  great  variety  of  chemical  sub- 
stances with  whose  appearance  and  prominent  properties  the 
analyst  has  previously  made  himself  acquainted ;  of  the^se  sub- 
Blaitoes  many  are  common,  but  not  a  few  rare  and  useless,  except 
to  serve  the  purpose  of  the  analyst. 

There  exists  an  anhydrous  oxide  of  potassium,  K^O,  and  also 
a  peroxide.  The  anhydrous  oxide  K^O  is  a  gray,  inodorous,  hard, 
brittle  solid ;  it  melts  a  little  above  a  red  heat,  but  volatilijscs 
0iilj  at  a  very  high  temperature. 

602.  Alkalimetry. — Since  the  value  of  the  carbonates  and  hy- 
drates of  sodium  and  potassium,  as  they  are  manufactured  and 
consumed  on  the  large  scale  in  the  chemical  arts,  is  generally  de- 
pendent upon  the  amount  of  alkali  which  they  contain  ready  to 
enter  into  chemical  combination,  it  is  importnnt  to  have  some 
quick  and  easy  method  of  determining  how  much  available  alkali 
any  sample  of  these  substances  really  contains.  The  impuritiea 
which  most  frequently  contaminate  the  carbonate  of  potassium 
are  the  chlorides  and  sulphates  of  potassium  and  sodium,  silicic 
acid,  lime,  alumina,  and  the  oxides  of  iron  ;  the  commonest  im- 
parities of  carbonate  of  sodium  are  the  chloride  and  sulphate 
of  sodium,  as  might  readily  be  infi^rred  from  consideration  of  the 
by  which  the  cnrbonate  is  manufactured.     Some  sulphite 

sodium  also  b  not  infrequently  present  in  commercial  soda-ash, 
BK^th  carbonates  are  apt  to  contain  small  proportions  of  the  hy- 
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drateB ;  but  as  tlie  hydrates  are  qiiite  as  valuable  for  tuost ' 
as  tbe  carbonates,  weight  for  weight,  this  admixture  is  not  iTiooi^  ^ 
venient.     In  the  common  tnethods  of  teating  the  carbonatce,  tho 
hydrates  present  are  estimated  as  available  alkali,  but  are  mado 
no  separate  account  of 

It  would  be  foreign  to  our  purpose  to  enter  upon  tbo  det^dls  of 
alkalimetrj ;  the  process  consists  essentially  in  ascertaijiinj?  how 
much  dilute  sulphuric  acid  of  a  known  strength  ia  required  to 
neutralize  exactly  a  known  weight  of  the  sample  examinod.  The 
requisites  are  a  graduated  burette  (Appendix,  §  21),  a  standard 
acid,  pure  carbonate  of  sodium  wherewith  to  prepare  this  acid, 
and  a  colored  solution,  sensitive  to  both  acid  and  alkali^  to  indi- 
cate the  point  of  neutralization.  The  following  experiment  will 
give  some  idea  of  the  manipulation  required  in  this  sort  of  analysis, 
which,  on  account  of  its  rapidity,  is  of  very  general  application 
in  technical  chemistry.  The  general  method  is  called  volumttrie^ 
because,  when  once  the  standard  liquids  are  prepared,  quantita- 
tive results  are  obtained,  not  by  weighing,  but  by  measuring  the 
bulk  of  liquid  consumed  in  the  testing. 

Exp,  246,^ Weigh  out  accurately  5  grms.  of  pure  anhydrous  c« 
nate  of  sodium;  transfer  it  to  a  flfLsk  or  btaker  having  the  capdcity  of 
about  400  c»  c. ;  dissolve  it  in  aboat  200  c.  c.  of  water,  and  culor  the 
sobitioD  blue  with  about  2  c  c.  of  a  vinl^t  tincture  of  litmus  To  pre- 
pare this  tincture,  digest  1  part  of  litmus  in  0  parts  of  water,  oa  a 
water-bath,  for  several  hours  ;  filter ;  divide  the  blue  liquid  into  1 
e^nal  portion?,  and  stir  one  hnlf  repeatedly  with  n  ghi^5  rod  dipped  to 
very  dilute  nitric  acid,  until  the  color  just  appears  red  ;  then  add  th«» 
other  blue  half,  together  with  one  part  of  alcohol^  and  keep  the  ttnotnra 
in  a  8mall  open  bottle.     In  a  stoppered  bottle  the  tincture  fades. 

Mix  about  60  grms.  of  strong  sulphuric  acid  with  500  c.  c.  of  water 
and  let  the  mixture  cool  ( §  2.33),  Fill  a  50  c.  c.  Mobr*s  buretti*  (Ap^ 
pendix,  §21)  up  to  the  0  mark  with  the  cold  dilute  acid.  VXnCfs  thft 
Uask  or  beaker  containing  the  soda  solution  beneath  the  burette,  gt-nrly 
press  the  spring-clip,  ami  filluw  the  acid  to  flow  gradually  into  the  soda 
golution,  stirring  the  wliily,  imtil  th«  color  of  the  liquid  <'hangi*9  to  a 
wine* red ;  then  place  the  \\\%»k  or  beaker  over  a  lamp,  and  bring  lh« 
liquid  to  ebullition ;  the  dii^Hulvt'd  curbonic  acid  will  be  driven  out,  and 
tbe  liquid  will  again  become  blue;  more  acid  i»,  then  added  to  tba 
nearly  boiling  tluid,  the  vessel  being  occasionally  placed  over  the  larap, 
until  tbe  color  of  the  liquid  becomes  red,  sHghtly  inclining  to  yellow. 
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Wbes  tlie  point  of  saturation  is  approacliiiigj  add  the  acid  two  drops  at 
«  time,  and  aO^r  each  fresh  addition  dip  a  fine  glass  rod  into  the  fiuidj 
and  make  with  it  two  spots  on  a  slip  of  dne  blue  litmus-pnptr,  reading 
^  the  volume  each  time,  and  miirking  the  number  of  centimetres  between 
i  the  two  spota  Continue  this  operation  until  the  spots  on  the  paper 
appear  distinctly  red;  then  dry  the  paper  and  take  for  the  correct 
number  that  %uie  which  stands  between  those  two  spot^  which  juat 
vemain  red  when  dry. 

For  some  ejedj  tincture  of  cochineal  possesses  great  advantages  over 
tincture  of  litmus  as  a  means  of  recogrnizing  the  point  of  neutralJMtion, 
The  tincture  of  cochineal  is  prepared  by  digesting  S  grms.  of  powdered 
cochineal  in  a  mixture  of  60  c.  c.  of  alcohol  and  200  c,  c  of  wattr,  at 
the  ordinary  temperature,  for  several  da^'s^  The  tincture,  which  may 
be  either  decantt^d  or  filtered  from  the  residue,  has  a  ruby-red  color* 
L  The  caustic  alkalies  and  the  alkaline  carbonates  change  the  color  to  a 
f  violet-carmine  ;  solutions  of  f^trongacida  and  acid-salts  make  it  orange; 
to  carbonic  acid  it  is  nearly  iudilTerent.  10  or  15  drops  of  the  tincture 
ait*  sufficieut  to  color  200  c  c.  of  licjtiid. 

Dilute  the  acid  which  remains  of  the  original  500  c.  c,  with  enough 
water  to  give  a  fluid  of  which  exactly  60  c.  c.  are  required  to  saturate 
t  grms.  of  pure  carbonate  of  sodium.  Thi^  dilution  is  effected  as  fol- 
lows :^ — Suppose  that  40  c.  c  of  the  acid  have  proved  suftlrient  to  neu- 
tralize 5  grm^.  of  the  pure  carbonate,  then  10  c.  c  of  water  mu^t  be 
added  to  every  40  c.  c.  of  the  acid.  400  c.  c.  of  the  original  dilute 
acid  remain  ;  now,  as  40  :  460  =  10  ;  number  of  c.  c.  water  to  be  added 
a115  c  c.  Dilute,  therefore,  tlie  acid  ^th  115  c.  c.  of  water,  u^flng 
some  of  this  water  to  rinse  the  burette  which  contains  tiie  undiluti^d 
acid,  the  measuring-glass  which  may  have  been  used  to  ascertain  the 
extent  of  volume  of  the  original  acid,  and  any  other  vessel  into  which 
it  may  have  been  temporarily  poured-  Of  this  diluted  acid,  50  c.  c» 
should  exactly  neuti-alize  5  grms.  of  pure  anhydrous  carbonate  of  so- 
dium. It  may  be  tested  by  again  weighing  out  5  grms.  of  the  pure 
carbonatei  and  repeating  the  volumetric  determination  precisely  as 
above  described.  If  the  work  has  been  well  done^  the  standard  acid 
will  be  found  ready  for  use. 

Weigh  out  5  grms.  of  common  soda-ash,  and  dissolve  in  about 
90O  c.  c.  of  water  whateveT  of  the  sample  is  soluble ;  repeat  upon  this 
liquid^  without  Altering,  the  volumetric  operation  of  the  last  experi- 
ment The  number  oi  half  c,  c.  of  standard  acid  used  gives  directly 
the  percentage  of  pure  anhydrous  carbonate  of  sodium  which  the 
Mmple  conttiina.  If  50  c.  c.  or  100  half  c,  c.  are  used,  the  sample  ia 
pun  carbonate  of  sodium  \  if  40  c  c  or  80  half  o.  c  are  used,  tha 
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106        : 
Combwituf  freii/M  of 

106         : 
Comhining  tcet^ht  of 

106        : 
Combining  tPeight  of 
Ntt,CO,. 


6        : 

w  «  3*773; 

Ormg. 

GrmA, 

Ka,CO,. 

N«,H,CV 

5        : 

X  s  0*519 

Onm, 

Ormi. 

Kft,CO„ 

K,O0,. 

5        : 

^  =  5  292. 

OmiA. 

Gimm, 

Na^CO,. 

K,ll,0^ 

Bample  j»  e'ljlifj  per  cent  pure  carbonate,  and  twenty  per  cent 
unci  other  impurities. 

503.  Wben  an  acid  lias  been  prepared,  of  which  50  c  e.  exactly 
noulralize  5  grms.  of  pure  carbonate  of  aodium,  it  ia  a  njatttT  of 
Bimple  ciilculntiun  only  to  detemiine  how  mu<2b  hydrate  of  sudiuiD, 
how  much  carbonate  of  potassium,  and  how  much  hydmie  of 
potassium  the  aarao  50  c.  c.  acid  will  neutralize.  The  follow- 
ing are  the  proportions  required,  the  atomic  weight  of  potassitmi 
being  39' 1  :— 

:  80 

Omi.  wL  of 
^'aJlA- 

138-2      = 
Cotn,  wi,  of 
KX'O,. 

112-2      5= 
Com.  wL  of 

The  following  table  ghows  the  qnAutitics  of  these  four  »ubgtAno«s 
which  are  equivalent  in  neutralising-  or  combiuing-power: — 
5*000  grma.  of  carbonate  of  sodium 
3*773    „       „  hydrate      „         »| 
6-619     „       „  carbon  lite  of  potassium 
6'292     „       „  hydrate     „ 

It  is  apparent  from  this  table  that  a  given  weight  ol  carbonate  of 
sodium  will  sattirato  more  silicic  acid  or  more  fat,  or  will  give  off 
more  carbonit.'  acid  than  the  same  weight  of  carbonate  of  potassium^ 
and  that  t!ie  hydrate  of  sodium  is  also  more  efficient,  gnimme  far 
gramme,  than  the  hydrate  of  pota^ium.  These  facts  are  to  be 
inferred  at  once  from  the  atomic  weights  of  sodium  and  potassinnif 
which  are  23  and  391  respectively  ;  they  have  had  their  weight 
in  bringing  about  the  rapid  substitution  of  sodium-aalts  forpotas- 
eium-salts  in  the  chemical  arts, 

604.  Potassium  (K), — This  element,  like  sodium,  is  made  from 
lU  carbonate  by  heating  int-cnsely  a  mixture  of  the  carbonate  and 
churcoaly  in  accordance  with  the  reaction, 

K^CO.  +  2C  =  2K  +  SCO. 


1^ 
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are  saturated  by  50  c  o. 
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The  apparatus  employed  is  similar  to  that  described  in  treatin*? 
of  sodium  (§  487);  and  as  potassium  closely  resembles  sodium  ^  the 
same  general  method  is  followed,  and  the  same  precuutions  are 
observed.  A  second  distillation  of  the  crude  potfissium  is  abso- 
lutely essential,  because,  if  it  be  neglected,  a  blacki  detonating 
compound  of  uncertain  composition  is  formed,  which  explodes 
violently  upon  the  slightest  friction. 

Potassium  is  a  silver-white  substance,  of  very  briUiant  lustre, 
which  is  brittle  at  0^,  suft  as  wax  at  ordinary  temperatures,  fuses 
at  62^'5,  and  is  volatile  at  a  red  heat.  In  its  soft  state,  two  clean 
surfaces  can  be  welded  together  like  iron.  It  is  lighter  than 
water,  having  a  specific  gravity  of  only  0-8fS5,  It  is  almost  in- 
stantaneously oxidized  by  air  and  water  at  the  ordinary  tempera- 
ture, and,  when  heated,  by  nearly  every  gas  or  liquid  which  con- 
tains oxygen.  Like  sodium,  it  must  therefore  be  collected  and 
kept  under  naphtha,  out  of  contjict  with  the  air.  At  moderate 
temporaturea»  potassium  readily  absorbs  hydrogen,  nitrogen,  and 
carbonic  oxide,  and  enters  into  direct  combination  with  chlorine, 
bromine,  iodine,  sulphur,  selenium,  and  tellurium.  We  have  had 
occasion  to  avail  ourselves  of  its  intense  chemical  energy  (§§  85, 
97,411). 

-Erp.  347. — Throw  a  piece  of  potassium,  as  large  as  a  small  pea,  upon 
ae  cold  water  in  the  bottom  of  a  larj^e  bottle,  and  place  a  card  or 
0ass  plate  over  the  mouth  of  the  holtle.  The  potassium  decomposes 
I  the  water,  and  evolves  heat  enough  to  kindle  the  hydrogen  which  ia 
given  off;  this  hytlrng-en  bums  with  a  purjvlish-red  color,  imparted  to 
the  flame  by  a  minute  quantity  of  vaporized  solid.  This  color  is  cha- 
racteristic of  potassium  compotmda^  as  a  yellow  color  is  characteristie 
of  sodium  compounds. 

605.  It  is  not  a  matter  of  indifference  from  what  tlnd  of  a 
mixture  of  carbonate  of  potassium  and  carbon  potassium  is  pre- 
pared. The  material  which  is  best  adapted  to  its  preparation  is 
tlie  potaasium-salt  of  a  vegetable  acid  rich  in  carbon,  which,  when 
decomposed  by  heat  in  a  vessel  fi-om  which  air  is  excluded,  yields 
carbonate  of  potassium  and  a  large  quantity  of  free  carbon, 
WhUe  grape-juice  is  being  converted  into  wine  by  fermentation, 
a  stony  deposit,  culled  **  tartar,'*  which  is  sometimes  gray  and 
sometimes  reddish,  fastens  to  the  bottom  and  sides  of  the  caska 
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which  contain  the  fermented  juice.  When  freed  hy  recrystaUua- 
tioE  from  adhering  coloring-matters,  this  crystalline  and  diffi- 
cultly soluble  substance  is  a  white  salt,  acid  and  cooling  to  the 
taste*  It  is  an  acid  tartrate  of  potassium,  and  is  commonly  called 
"cream  of  tartar.**  'V\Tien  this  substance,  or  crude  tartar,  is 
heated  in  a  covered  crucible  until  it  ceases  to  emit  combustible 
Tapors,  the  cooled  residue  is  found  to  con  gist  of  a  porous  mass  of 
carbonate  of  potassium,  intimately  mixed  with  very  finely  divided 
carbon.  This  mixture  is  the  best  material  from  which  to  pre- 
pare potassium  ;  it  is  also  an  excellent  fiux,  useful  in  assaying 
the  ores  cif  the  common  metals.  In  wine-producing  countries 
considerable  quantities  of  excellent  carbonate  of  potassium  are 
prepared  from  the  deposits  of  the  wine-vats,  by  dissolving  the 
carbonate  out  of  the  ignited  tartar  and  purifying  the  salt,  so  ex- 
tracted, by  recrystaUization.  The  carbonate  so  obtained  is  tho 
purest  source  of  hydrate  of  potassium  for  laboratory  use. 

606.  Chloride  of  Potassimn  (KCl). — This  salt  is  a  subordinate 
Bource  of  potassium  com pou nils.  It  is  extracted  in  considerable 
quantity  from  the  ashes  of  sea-weeds,  and  is  largely  uard  in  the 
mnnufftcture  of  common  olum,  which  is  a  sulphate  of  aluminum 
and  potassium.  It  occurs  native,  sometimes  pure,  but  n)or»^  fre* 
quently  mixed  or  combined  with  other  cbloridea.  Tlie  thlorido 
of  potassium  is  capable  of  uniting  with  most  other  metallic  chlo- 
rides, forming  crystallizable  double  salts.  The  native  double 
chloride  of  potassium  and  magnesium  (KCi,MgCl^,6H^0)  has  be- 
come of  late  years  a  productive  source  of  potassium -salts.  This 
mineral  is  dissolved  in  hot  water ;  from  the  cooled  solution  the 
greater  part  of  the  chloride  of  potassium  cr)'5lallizc8  out,  white 
the  chloride  of  magnesium  remains  in  solution.  Chloride  of 
potassium  occurs  also  with  the  chlorides  of  sodium,  magnesium, 
calcium,  and  other  solti*  in  sea- water  and  brine-springs,  and  is 
obtained  as  a  eeeondaiy  product  ta  the  preparation  of  chlorate  ol 
potassium  (§  517),  the  purification  of  nitre  (§  514),  and  in  seve- 
ral other  manufacturing-operations.  It  may  be  prepared  directly 
from  potassium  and  chlorine,  or  from  the  carbonate  or  hydiate 
of  potassium  and  chlorhydric  acid. 

Chloride  of  potassium  crystallizes  in  anhydrous  cubes,  loolcs 
aud  tastes  like  common  salt,  is  not  acted  upon  by  the  air,  de^ 
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crepitates  when  heated,  melfea  at  a  low  red  heat,  and  Tolatilkes 
unchanged  at  a  higher  tciuperature.  It  is  somewhat  more  vola- 
tile than  common  salt,  is  more  soluble  in  water,  and  produces  a 
greater  degree  of  cold  in  dissolving.  This  chloride  enters  into 
some  highly  crystaUine  compounds,  of  curiouii  coniposition,  of 
which  the  product  of  the  following  experiment  may  serve  as  an 
example : — 

Erp,  248.— By  the  dd  of  a  gentle  heat,  dissolve  6  grm^.  of  powdered 
led  chromate  of  potassium  in  8  grms.  of  strong-  cWorhydric  acid, 
avoiding  evolution  of  chlorintj.  When  tbt?  powder  h  diasoh^ed,  allow 
the  solution  to  cool ;  flat,  red  prisma  will  crystiillixe  from  the  liq^uid. 
This  comptiund  answers  to  the  formula  KCl,CrU,.  It  i«  decomposed 
in  water. 


K,0,2CrO,  +  2H0I 
M^^  Chr ornate 
of  Potassiunu 


2(KC1,CK)J  -h  H,0. 


607-  Bromide  of  Patasmtm  (KBr)  is  a  very  eoluhle  salt,  which 
crystallizes  in  cubes,  and  closely  resembles  in  all  its  properties 
the  chloride.  Potassium  and  bromine  unite  directly,  with  infliim- 
mation  and  violent  detonation,  the  bromide  being  the  product  of  the 
reaction.  When  bromine  is  added  to  a  solution  of  caUBtic  potash 
until  the  liquid  acquires  a  permanent  yellowish  tinge,  a  mixture 
of  bromide  and  bromate  of  potassium  is  produced ; — 

6KH0  -f   6Br  =  6XBt  +  KBrO,  +  SH.O. 

The  mixed  salts  are  dissolved  in  water,  and  a  current  of  sulphy- 
dric  acid  is  passed  through  the  solution  to  reduce  the  bromate : — 
KBrO,  +  3H^S  =  EJir  =  3H,0  +  3S. 
I  The  liquid  is  then  gently  warmed  to  expel  the  excess  of  gas, 
l-filtered  from  the  deposited  sulphur,  and  evaporated  until  the  bro- 
mide crystallijces.     The  salt  has  lately  come  into  use  in  medicine 
as  a  sedative. 

508.  Iodide  of  Potassttim  (Kl), — This  valuable  medicine  and 

photographic  material  may  be  procured  by  adding  iodine  to  a  so» 

lution  of  hydrate  of  potassium  until  the  liquid  turns  brown,  and 

gently  igniting  the  residue  obtained  by  evaporation.     The  pro- 

!88  and  the  reaction  are  the  same  as  in  the  preparation  of  the 

I  bromide^  except  that  the  iodate  may  be  decomposed  by  heat  alone 
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and  does  not  require  reduction  by  sulphuretted  hydrogen, 
better  mode  of  preparing  the  iodide  of  potassium  is  to  be  found 
in  the  decomposition  of  iodide  of  iron  by  carbonate  of  potassium* 

Digest  i  gnns.  of  iodine  and  2  gnna.  of  iron  filings  in  a  stoppered 
bottle  with  20  c.  c.  of  water ;  iodide  of  iron  (Felj)  is  formed  under 
these  conditions  bv  direct  union  of  the  elements.  The  liquid  is  then 
transferred  to  a  Hask  and  boiled,  and  a  solution  of  carbontite  of  potaA- 
fiium  is  added  by  siniill  portions  so  long  as  a  precipitate  occurs.  The 
solution^  filtered  horn  Che  in^^ohible  eiirbonate  of  iron^  yields  on  eva* 
poration  crystals  of  iiididu  of  potasaium. 

Iodide  of  potassium  ordinQrily  crystallizea  in  semiopaque  cubes. 
It  is  permanent  in  tho  air,  has  a  sharp  taste,  melts  below  a  «d 
heat,  and  volatilixcs  unchanged  at  a  low  red  heat  It  is  very 
soluble  in  water,  and  in  dissolving  produces  a  considerable  fall  of 
temperature.  Alcohol  also  Irecly  dissolves  this  salt  The  facility 
with  which  the  salt  is  decomposed  and  its  iodine  liberated  by 
chlorine,  ozone,  and  nitric  acid  has  been  already  amply  Lllustratc>d 
(Exps.  70,  72,  76). 

Iodide  of  potassium  is  much  used  in  medicine ;  it  is  not  poi- 
sonous even  in  dosea  of  5  to  20  grms.  Its  solution  in  water  dis- 
solves iodine  to  a  large  extent^  acquiring  thereby  a  dark- brown 
color.  This  brown  solution  ia  sometimes  used  in  medicine  aa  R 
_Tehicle  for  iodine  ;  it  is  also  usefnl  to  the  photographer  for  re- 
aving from  the  skin  the  stains  produced  by  nitrate  of  sil^r* 
Iodide  of  potassium  is,  further,  employed  in  the  photographic  pro- 
cess upon  glass,  to  produce  in  the  substance  of  the  film  of  collo- 
dion a  deposit  of  iodide  of  silver  by  double  decompoMtion  with 
nitrate  of  silver. 

609.  Cyanide  of  Potm^um  (KCN). — ^The  elements  which  make 
part  of  the  whitish,  soluble,  fusible,  and  deliquescent  solid  which 
bears  this  name  are  potassium,  t^arbon,  and  nitrogen.  At  a  bright- 
red  heat  tho^e  three  elements  will  come  together  to  form  this  salt 
out  of  quite  a  variety  of  materials,  and  under  quite  various  cii- 
eumstaneeet  When  nitrogen  gas  is  passed  over  a  mixture  of 
charcoal  and  hydrate  or  carbonate  of  potassium,  at  a  bright-red 
heat,  cyanide  of  potassium  is  formed.  When  nitrogenous  organic  ; 
mattei's  are  fused  with  hydrate  or  carbonate  of  potassium^  the  ^^ 
cyanide  is  formed.     In  presence  of  iron  scraps  or  filings,  this  ^" 
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mixture  prodacea  ft  connnon  cyanide,  contoiiiing  potossimii,  iron, 
carbon,  and  nitrogen,  and  known  in  the  arts  as  "  yellow  prussiate 
of  potasb,*'  and  to  chemists  as  ferrocyanide  of  potassitim.  If  this 
**  prussiate  *'  be  ignited  at  a  moderate  red  heat^  it  is  decomposed 
into  cyanide  of  potassium^  nitrogenj  and  a  compound  of  iron  with 
carbon ; — 

4KCN,Fe(CN),  =  4KCN  +  2N  +  FeC,. 

In  the  blast-furnaces  in  which  iron  ores  are  smelted  with  coal 
or  coke,  a  cons^iderable  quantity  of  cyanide  of  potassium  is  often 
produced,  the  nitrogen  being  probably  derived  from  the  torrents 
of  nitrogen  which  the  blast  of  air  carries  into  the  furnace.  In- 
stead of  igniting  the  yellow  prussiate  alone,  a  more  economical 
process  is  to  ignite  a  mixture  of  the  prussiate  with  carbonate  of 
potaaaium.  This  method  saves  all  the  cyanogen  in  the  prussiate; 
Imt  the  salt  thus  obtained  is  always  mixed  with  cyanate  and  car- 
bonate of  potassitun  : — 

K/e(CK),  +  K^CO^  =  5K(CN)  +  K(CN)0  +  CO,  +    Fe. 

The  presence  of  these  impurities  does  not  injure  the  cyanide  for 
many  of  its  uses. 

Cyanide  of  potassium  is  of  great  use  in  galvanic  gilding  and 
silvering,  since  the  cyanides  of  gold  and  silver  are  both  soluble  in 
a  solution  of  cyanide  of  potassium.  Its  solution  dissolves  the 
sulphide  of  silver,  and  has  therefore  been  suggested  for  house- 
hold use  in  cleaning  silver- ware  i  photographers  sometimcB  use  it 
for  removing  stains  of  nitrate  of  silver  from  the  hands  ;  but  both 
tiic^e  applicutions  of  cyanide  of  potassium  are  dangerous  and  in- 
(dient*     The  cyanide  is  intensely  poisonous,  not  only  when 

len  internally,  but  also  when  brought  into  contact  with  an 
abrasion  of  the  skin,  a  cut,  or  scratch.  As  a  reducing  agent, 
cyanide  of  potassium  has  great  power;  it  is  especially  useful  in 
blowpipe  reactions  (Exp.  132). 

510.  Sulphides  of  Potaisium. — Potassium,  heated  in  sulphur- 
vapor .  takes  fire  readily,  and  bums  brilliantly.  There  are  sup- 
posed to  be  five  diiferent  compounds  of  potassium  and  sulphur, 
corresponding  to  the  formula;  Kfi,  ^.p^^  ^fii*  ^-^^r  ^^^  ^2^3  J  ^^^ 
there  is  a  suljihydrate  KHS,  analogous  to  the  hydrate  KHO, 

Erp,  240, — Heat,  gently^  a  thorough  mixture  of  10  grms.  of  dry 
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powdered  carbonate  of  potassium  and  6  finrus.  of  sulphur^  in  a  cot 
eartht^n  or  iron  crucible,  until  effervescence  censes  and  the  mass  flows 
quietly*  The  fused  mass  has  a  yeliowish-brown  color,  and  conai^U  ot 
tergitlphide,  quinqui»ulphidc,  ftnd  intermediate  fiuipbides  of  potassium^ 
mixed  with  sulphate,  and  often  with  carbonat^e  of  potassium;  it  is 
called  "  liver  ot  sulphur/*  This  substance,  dissolved  in  wat^r,  j^ves  a 
grceuieh  eolution,  from  which  dilute  acida  liberate  ^ulphuratl^^d  btdro* 
geU|  and  precipitate  milk  ot  sulphur  (§  193).  Thtt  carbonic  acsd  of 
the  air  i«  stroog  enough  to  eiiect  this  decomposiuon ;  hence  the  suHd 
substance  and  its  solution,  when  exposed  to  the  air,  smell  of  aulphu-^ 
retted  liydrogen : — 

K2S3  +  n,sD,  =  K3SO4  +  1I3S  +  sa 

The  chief  use  of  liver  of  sulphur  is  in  the  medical  ti^eatmont  of  Bkin* 
diseases* 

511.  liMien  Bulphydric  acid  gas  is  passed  to  saturation  into  a 
fiolution  of  caustic  patawh,  a  colorless  solution  is  obtained,  which 
is  eiipp<>sed  to  contain  the  Bulphydnite  KHS.  It  haa  no  penna- 
nenej,  quickly  /ibsorbing  oxygen  and  turning  yellow. 

All  the  sulphides  of  potassium  are  brown  solids,  having  an  al- 
kaline reaction  to  test-paper,  and  smcdling  of  eulpliydric  acid. 
Their  solutions  are  oxidized  by  exposure  to  the  air,  and  sulphur 
is  deposited  from  them. 

512.  Sulphate  of  Potassium  (K^SOJ.-^Thie  anhydrous  aalt 
crystallizes  in  transpiircnt  hexagonal  prisms,  terminated  by  hexa- 
gonal pyramids,  and  consequently  bears  some  resemblance  to 
common  quarts  crystals.  The  salt  has  a  strong  tendency  to 
form  double  eulphates ;  a  double  sulphate  of  potassium  and  mag- 
neaium  is  of  importance  in  the  manufacture  of  potassium -salts 
from  sea-water*  It  also  enters  into  the  composition  of  many 
of  the  double  sulphates,  which  are  coUod  alums  from  the  name  of 
the  commonest  member  of  the  class,  the  sulphate  of  aluminoia 
and  potassium, 

5 1 3.  Suf^^hate  of  Potas^mim  and  Hydrogen  ( KHSO  J. — This  salt, 
commonly  called  the  '*  bisulphate,"  is  formed  on  a  larg«>  scale  a» 
a  residual^  jiroduct  whenever  nitric  acid  is  manufactured  from 
nitrate  of  potassium.  When  ignited,  its  oiystala  lose  half  their 
acid: — 

2{K1IS0,)  ^  K^SO,  -h  H,BO,; 

and  the  salt  is  therefore  sometimes  used  as  a  flux,  in  cases  where 
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t!ie  action  of  u  strong  actd  is  required  at  ahigli  temperature  upon 
fia]ts  or  oxides  with  which  it  may  be  fused.  Platinum  tools  may 
he  cleaned  by  fusing  this  salt  in  or  upon  them. 

514.  Nitrate  of  Potassium  (KNOJ.— This  valuable  salt,  com* 
monly  called  saltpetre,  is  very  widely  diffused  as  a  natunil  pro- 
duct, being  indeed  seldom  wholly  wanting  in  a  productive  soil,  or 
in  spring-  or  river-water.  At  many  localities  it  is  found  in 
caverns  or  caves  in  calcareous  formations  j  but  the  principal  com- 
mercial source  of  the  salt  is  the  soil  of  cejtain  tropical  regions, 
especially  of  districts  in  Ai'abia,  Persia,  and  India,  where  the 
nitrate  is  found  disseminated  through  the  upper  portion  of  the 
soil,  or  forming  an  efilorescenco  upon  the  surface,  but  never 
extending  lower  tban  the  depth  te  which  the  air  can  easily 
penetrate. 

Thii  nntiiral  prixluction  of  nitrates  appears  to  result  mainly  from  the 
putrefaction  of  vegetnble  and  animal  matters^  in  presence  of  the  air 
and  of  alkaline  or  earthy  bases  capable  of  fixing  the  nitric  acid  as  soon 
as  it  is  formed.  The  well-watera  of  towns,  contaminated  by  nei^^hbor- 
img  sewers  and  cesspoolii,  nearly  always  contain  nitrates.  The  decay 
of  the  luxuriant  ve^a^tation  of  the  tropics,  promoted  by  a  hut  sun  and 
ft  mobt  atmosphere,  is  a  nevvr-failing  source  of  ammonia ;  but  it  is  not 
certain  that  the  production  of  ammonia  is  a  necessary  stage  in  the  pi'o- 
ceaa  of  nitrification.  In  the  artificial  production  of  nitrates  in  tem- 
perate climatea,  the  supposed  natural  conditions  have  been  roughly 
imitated.  In  the  old  saltpetre  '^  plantations  "  of  European  countries, 
nitrate  of  calcium  was  produced  by  mixing  decomposing  vegetable  and 
anima]  matters  with  cinders,  chalk,  marl,  and  so  forth,  moistening  the 
mass  repeatedly  with  teachings  of  manure-heaps,  exposing  it  finely  to 
the  air  for  two  or  three  years,  and  then  lixiviating.  The  nitrate  of 
calcium,  which  was  the  main  product,  was  then  converted  into  salt- 
petre by  double  decomposition  with  carbonate  of  potassium. 

The  saltpetre  is  extracted  from  the  earth  which  contains  it  by  lixi- 
viati on,  evaporation,  and  cr^'stallization  ;  but  inasmuch  as  for  most  uses 
it  is  required  in  a  very  pure  state,  the  ejude  salt  must  generally  be  re- 
fined. The  common  impurities  of  crude  saltpetre  are  chloride  of  so- 
dium and  chloride  of  potassium.  In  order  to  separate  these  chlorides, 
advantage  is  taken  of  the  fact  that  the  nitrate  of  potassium  is  four 
times  as  soluble  in  boiling  water  as  the  chloride  of  potassium,  and  six 
tunes  as  soluble  as  the  chloride  of  sodium*  The  crude  salt^ietre  is 
treated  with  a  quantity  of  water,  sufficient  to  dissolve  at  boiling  all  the 
iiitrate  of  potassium^  but  not  all  of  the  chloride  of  sodium  beside.  Thia 
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residual  ealt  ib  seooped  out  of  the  vessel  in  whicli  t^ie  solutioii  li 
eflected^and  the  solution,  after  being*  somewhat  diluted  Js  boUed  wilH 
a  little  glue,  to  coft^tilftte  the  coloring'-mftttere  and  other  soluble  dirt, 
and  sweep  the  liquid  clean  by  meana  of  the  adhesive  scam  which  ri*w 
to  the  surface.  The  strong,  clear  solution  is  then  transferred  to  shallow 
cryatftllizin^''  panst  and  left  at  rest  if  large  crystals  are  desired  ;  if  small 
crystals  are  preferable,  the  liquid  is  constantly  stirred  from  the  moment 
that  crystallization  begins;  the  saltpetre  is  then  deposited  in  a  crystal- 
line powder,  called  saltpetre -flour.  The  chloridtis  of  sodium  and 
potassium  are  nearly  as  soluble  in  cold  water  as  in  hot ;  but  nitrate  ot 
potASsium  is  only  one-eighth  as  soluble  in  water  at  the  temperature  of 
thfi  atmosphere  as  in  boiling  water.  Plenee  the  chlorides  remain  in 
the  mother-liquor,  while  the  nitrate  rapidly  separates  from  the  solution 
as  it  cools*  The  crystals  ot  saltpetre  are  drained,  and  then  wa^^hed 
with  a  solution  ot  saltpetre  saturated  in  the  cold.  This  solution  take* 
up  the  adhering  chlorides,  but  leaies  the  pure  nitrate  of  potassium 
undissolved. 

Large  quantities  of  saltpetre  are  now  made  by  decomposing  nilrr  « 
of  sodium  with  carbonate  ot  potassium.  When,  through  gofvpmmeniiil 
interference,  the  Kast-lndirin  supply  of  wiltpetre  is  checked,  thia 
method  is  resorted  to  with  adYantage.  Tartar,  and  the  ashes  of  the 
beetroot-sugar  manufacture,  are  good  sources  of  potaj*h  to  be  applied 
to  this  purpose.  Crude  nitrate  of  sodium  contains  so  much  chloride 
of  sodium,  that  it  m  desirable  to  purify  it  for  this  use  by  previous  re- 
cry  stall  izntion^  otherwise  potash  would  be  unprotitably  consumed  in 
converting  chloride  ot  sodium  into  chlonde  of  putassium.  One  of  the 
processes  for  converting  the  nitrate  of  sodium  into  nitrate  of  potassium 
consists  simply  in  adding  the  nitmte  of  sodium  to  a  hot  concentrattid 
solution  of  carbonate  of  potassium ;  a  precipitation  of  carbonate  of  so- 
dium takes  place,  and  this  precipitate  is  removed  as  fast  as  it  forma, 
until  no  more  appears;  from  the  cooled  liquid  salt petre-tl our  is  de- 
po*«ited.  The  carlkinate  of  potassium  may  be  replactd  in  this  proceas 
by  chloride  of  pot4tssium.    JN'oNOj+KClsKNUj-f-NaCl. 

515*  Nitrate  of  potassium  is  white^  inodorous,  and  anhydroufi, 
and  has  a  coolings  bitter  taste.  When  pure,  it  iB  permanent  in 
the  air, — a  fact  of  great  importance,  inasmuch  a»  the  chief  uat 
of  this  salt  is  in  the  manufacture  of  gunpowder.  Were  it  hygro- 
scopic, like  nitrate  of  sodium,  it  would  not  bo  applicable  to  thia 
use.  Saltpetre  is  one  of  those  few  potassium^ealts  which  cannot 
be  wholly  replacrd  in  the  arta  by  the  corresponding  sodium -salt* 
It  ie  very  soluble  in  water,  especially  in  hot  water;  it  melts  below 
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ft  red  heat  to  a  colorless  liquid  without  loss  of  suhstance,  but  at  a 
red  heat  it  gives  off  oxygen  and  eiiffera  decorapo^ition.  Its 
most  marked  chemical  characteristic  is  its  oxidizing-power.  It 
deiiflgrates  in  the  fire  with  charcoal,  sulphur,  phosphorus,  and 
other  combustible  bodies ;  when  ignited  in  contact  with  copper 
or  iron  (Exp.  4G)^  it  converts  these  metab  into  oxides ;  and  it 
even  oxidizes  gold,  silver,  and  platinum.  It  is  on  the  oxidizing- 
powcT  of  saltpetre  that  its  use  in  the  manufacture  of  gunpowder 
and  firework)!)  and  in  the  preparation  of  matches,  depends. 

Arrange  10  grms.  of  pure  nitrate  of  potassium  and  '20  or  30  grma.  of 
thin  copper-turnings,  or  small  bits  of  sheet  copper,  in  alternate  layers, 
in  a  covered  copper  crucible,  and  expose  tbe  mixture  for  half  on  hour 
to  a  moderate  red  heat.  Dissolve  out  tbe  cooled  mass  with  water,  and 
let  the  liquid  stand  in  a  t^dl,  ch^s^^d  bottle  until  tbe  oxide  of  copper  has 
fettled  to  the  bottom.  The  atipemutant  liquid  is  a  pure  solution  of 
caustic  potash  ;  indeed  this  ia  an  excellent  method  of  preparing  pure 
hjdrate  of  potassium  for  use  in  analysis : — 

2KN0,  +  5Cu  -f  HjO  ^  2KH0  +  5CuO  +  2N. 

Ej-p.  *2rjO. — Heat  10  or  12  grma.  of  saltpetie,  gently,  in  a  small 
porcelain  dish,  until  it  melts ;  pour  the  melted  salt  out  on  a  cold  piece 
of  iron  or  stone ;  break  the  fused  mass  into  small  fragments,  and  fill 
an  ignition-tube,  I2^15c.m.  long,  one-third  full  with  these  bits.  Heat 
the  tuV>e  cautiously,  taking  pains  to  keep  all  the  salt,  wbeu  once  melted^ 
in  a  state  of  fuaaom  At  a  red  heat,  oxygen,  pure  at  iirat,  ia  slowly 
ftTf3lved,and  maybe  collected  at  the  water-pan ;  simultaneously  nitiita 
of  potassium  (KNOj)  is  formed ;  at  a  second  stage  this  nitrite  is  itself 
decomposed,  and  the  escaping  oxygi-n  is  then  contaminated  with  a 
certain  proportion  of  nitrogen*  A  portion  of  the  gas  collected  may  be 
tested  with  a  glowing  splinter  (^xp.  6) ;  another  portion  may  be  mixed 
with  coal-gas,  and,  with  the  mixturi!,  bubbles  may  be  blown,  as  directed 
in  Exp,  30;  the  mixture  will  be  found  to  be  exceedingly  explosive. 

This  experiment  proves,  in  the  6rst  place,  that  saltpetre  itself  is  not 
explosive,  and,  in  the  second  place,  affords  an  explanation  of  the  fact 
that  frightful  explosions  do  oflen  oc^ur  when  storehouses  containing 
saltpetre  are  burned.  Carburetted  hydrogen,  such  as  was  obtained  in 
Exp*  161  (represented  by  the  coal-gas  in  the  last  experiment),  is 
evolved  frf»m  the  wood- work  of  the  burning  building,  wherever  the 
wood  is  heated  out  of  contact  with  the  air ;  meanwhile  oxygen  is  given 
off  from  the  ignited  saltpetr«»,  and  whenever  these  two  gases  mix  in  the 
requisite  proportions,  and  their  mixture  comes  in  contact  with  a  fiamoi 
a  violent  explosion  inevitably  ensuea. 
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JSi]p.  251. — ^DiRsolve  5  grms,  of  saltpetre  in  30  c  o.  of  wnte?  j  ili|i 
itrips  of  bibulous  paper  in  the  aolatioiii  and  dry  them ;  tltis  paper, 
once  kindled,  will  emouldtir  away  till  consumed.  It  is  used  in  con- 
nexion witb  fireworks^  and  in  the  manufacture  of  pastilles  and  &n)matio 
fumigating  paper. 

Bxp.  252.— Mix  5  grms,  of  powdered  saltpetre  with  1  grm.  of  dry 
powdered  charcoal  j  place  the  mixture  on  a  piece  of  poirelaiti  iind  i^ 
nite  it  with  a  hot  wire*  WTien  the  defla;Lrration  ia  o\*©r.  a  white  »olid 
will  be  found  upon  the  porcelain.  Dissolve  this  solid  in  a  few  dmps 
of  water;  the  solution  will  be  alkaline  to  test-paper;  add  a  few  dnyp 
of  a  dilute  acid :  a  brisk  eflerveacence  marks  the  escape  of  carbomc 
acid.  The  nitrate  has  o.\idized  the  carbon  to  carbonic  acid^  part  of 
which  escaped  with  the  nitrogen  during  the  deHagration^  while  part 
entered  into  combination  with  the  potassium  : — 

4KK0,  +  60  =  2K^C0,  +  SCO,  +  4N. 
jErp.  253. — Place  30  irrms*  of  saltpetre  in  a  small  beaker  with  110 
C*  c.  of  water;  insert  a  thermometer  in  the  mixture,  and  obscrire  the 
very  considerable  fall  of  temperature  occasioned  by  the  eiolution  of  the 
salt.  In  those  eoun tries  where  saltpetre  is  cheap  and  ice  dear,  thiA 
property  of  the  salt  ia  availed  of  for  the  refrigeration  of  drinks. 

516.  Gunpowder  is  an  intimate  mechanical  mixture  of  soft- 
wood charcoal  (§382),  sulphur,  and  nitrate  of  potassium,  in  the 
proportions  of  70  or  80  per  cent,  of  the  nitrate  to  10  or  12  per 
cent,  of  each  of  the  other  ingredlcnta.  Though  it  is  in  no  sense 
a  chemical  compound,  we  may,  for  convonienco*  aake^  express 
tlie  composition  of  guupowder  by  the  formula  K^N^O^-|-S-f  3C, 
and  may  roughly  formulate  the  reactions  which  occur  when  it  is 
burned,  by  the  following  equation ; — 

K^F.O,  +  8  +  3C  ^  3C0,  +  2N  +  K,S. 
Speaking  in  general  t^jrms,  the  oxygen  of  the  nitrato  combinet 
with  the  carbon  to  form  carbonic  acid,  or,  at  the  least,  carbonic 
oxide,  while  the  sulphur  is  retained  by  the  potflssium*  and  nitro^ 
gen  left  free.  Gunpowder  burns  at  the  expense  of  the  oxygon 
contained  in  it ;  it  has  no  need  of  air  for  its  combustion,  but  mil 
be  burned  in  any  closed  apace— as  well,  for  example,  in  eanisteni 
tinder  water,  or  tightly  enclosed  in  the  chamber  of  a  gun,  aa  in 
free  air* 

From  the  formula,  it  will  be  seen^  at  a  glance,  that  a  Tcry  large 
proportion  of  gas,  as  compared  with  the  bulk  of  the  solid  powder. 


I 


FBEPABi^TIOir  OF  GIHTPOWDZS* 


433 


moat  be  evolved  wben  powder  is  burned.  But  gunpowder  bunm 
rapidly  and  with  great  evolution  of  beat,  so  that  the  volume  of 
gas,  large  at  any  temperature,  is  enormously  expanded  at  the 
monttcnt  of  its  formation ;  hence  it  happens  that  the  gas  set  free 
in  the  barrel  of  a  gun  may  be  capable  of  occupying  a  thousand 
or  fifteen  hundred  times  as  much  space  as  the  powder  which  ge- 
nerated it.  An  enormous  pressure  is  thiw  engendered  at  the  spot 
where  the  powder  burns,  and  to  this  pressure  some  part  of  the 
matter  which  confines  the  powder  must  yield.  In  the  case  of 
the  gun-barrely  it  is  the  bullet  which  represents  the  weakest,  or 
breaking  side  of  the  chamber  in  which  the  powder  bums ;  but 
when  rocks  are  blasted,  then  the  packing,  or  **  tamping/'  wMoh 
represents  the  ball,  is  made  so  firm  that  it  shall  be  stronger  than 
the  rocky  sides  of  the  drill-hole,  which  is  equivalent  to  the  bar- 
rel of  the  gun.  In  case  the  walls  of  the  gun  can  be  disrupted 
more  readily  than  the  firtnly  impacted  buDet  can  be  driven  out, 
then,  of  course,  the  gun  bursts  ;  and,  conversely,  the  tamping  of 
a  drill-hole  is  thrown  out  if  it  be  less  firm  than  the  rock.  In  the 
case  of  the  gun-barrel,  a  part  of  the  effect  of  the  explosion  is  felt 
in  the  kick  or  recoil  of  the  gun. 

Though  the  equation  last  given  is  useful  in  so  far  as  it  exhibite 
the  gaseous  products  evolved  during  the  combustion  of  gun- 
powder, it  does  not  truly  express  the  solid  products  of  the  reac- 
tion* The  residue  of  the  combustion  really  contains  only  a  com- 
paratively small  proportion  of  sulphide  of  potassium  ;  it  conaista 
mainly  of  sulphate  of  potassium  and  carbonate  of  potassiom, 
together  with  some  hyposulpbito  of  potassium ^  and  a  trace  of  un- 
bumed  carbon.  Enough  sulphide  of  potassium  is  always  present, 
however,  to  impart  the  offensive  odor  which  is  perceived  in  wash- 
ing a  foul  gun,  and  in  powder-smoke. 

.Sgi.  2M. — Pulverize,  ^artdefyf  23  gnns.  of  nitrate  of  potassium , 
4  gnns.  of  sulphur,  and  4  gnns.  of  charcosL  Place  a  drop  or  two  of 
water  in  a  porcelain  mortar,  and  grind  into  tt,  first,  the  cbarcoal,  and 
then  the  other  ingredients,  taking  care  to  add  enough  water  to  form  a 
plasdc  dough.  After  the  mass  has  been  thoroughly  kneaded,  roU  out 
amaU  portions  of  it  between  two  pieces  of  board,  into  long  threads,  of 
the  thickness  of  a  fine  knitting-needle.  With  a  knife,  cut  the  threada 
into  Hnall  fragments  or  granules,  and  leave  the  granules  in  a  warm 
xoam  to  dry.    The  thoroughly  dried  product  is  gunpowder;  and  the 

2w 


CHLORATB  OF  POTASSflTM. 


maaipulation  in  this  experiment  does  not  differ  e^jftentially  froni  llitt 
mode  of  manufacture  employed  in  tbe  pciwd<ar-mm8,  exteptiua^  that  the 
granulation  is  there  ejected  by  poaaini;  the  moiat  paste  through  cul- 
lenders, 

Tbe  fiujphur  in  gunpowder  acts  mainlj  aa  a  kindling  material 
(§  200).  Iq  powder  intended  for  use  in  guns,  the  proportion  of  uul- 
phur  IB  kept  eomparatively  low,  since  anj  exceas  of  it  would  corroda 
the  metal  of  tbe  gun. 

Erp.  255. — Knead  together,  aa  in  Exp.  254,  7  grms.  of  powdered 
nitmte  of  potft-^sium  and  1-5  grm.  of  moistened^  finely  powdered  char- 
coal. Gjanulftte  imd  dry  the  product,  as  before^  and  compare  it»  in- 
flammability  with  that  of  the  gunpowder  prepared  in  Exp.  254^  by 
touching  enifdl  heapa  of  each  with  a  rtd-hut  wire.  Mixture*  of  char- 
coal and  nitrate  of  potassium,  such  as  the  foregoing,  are  much  uaed  ia 
the  mannfacture  of  fire  works. 

517.  Chht^nte  r>/  Potassium  (KCIO,),— The  hasia  of  the  large 
use  now  made  of  thia  beautiful  salt  in  medicine,  in  calico-print- 
ing, in  pyrotechny,  in  tbe  mutch -manufacture,  and  in  the  chemical 
laboratory  is  its  large  oxygen-eontenta.  It  is  an  oxidizing  tgent 
of  the  most  vigorous  dcscriptioa. 

It  may  be  prepared  by  saturating  a  solution  of  1  part  of  hydrate  of 
pot/i*sium  in  3  pHti^  of  water  with  chlorine,  and  heating  the  liquid 
some  time  to  the  hoding-point  The  uliiuiate  result  may  be  expreawsd 
by  the  formula 

GKHO  +  C5C1  =  KOIO,  +  r>KCl  +  SUfi; 
but  the  process  has  tn-o  stages,  which  are  suffieiently  described  in  §  124, 
The  hot  solution,  Itft  to  iUeU,  duposit8  the  greater  part  of  the  chlorate 
in  anhydrous  eix-eided  plates  of  a  pearly  lustre  ;  the  chloride  of  potaa- 
sium  remains  in  tbt^  mother-liquor.  The  chlorate  is  freed  from  ndh&- 
ring  chloride  by  recrj'stallization.  The  auceesa  of  the  process  dt^pends 
upon  the  very  ditlerent  solubilities  of  the  clilorat»i^  and  the  chloride  of 
potasmum.  At  the  temperature  of  their  saturated  boiling  solutions 
both  saltH  are  about  equally  soluble  ;  l(K)  ports  of  water  will  disstilvo 
between  *50  and  07  parts  of  either  salt ;  but  at  the  ordinary  t«^m|H»ni- 
ture  of  the  air  100  parts  of  water  will  dissolve  .'iO-40  purta  of  chloride 
of  potassium  and  only  6  or  7  parts  of  chlorate  of  pottt*?iium.  We  find 
here  the  explanation  of  the  fact  that  chlorate  of  sodium  has  not  re* 
placed  chlorate  of  potassium  in  tbe  arts.  The  chlorate  of  sodium  ia 
more  soluble  in  waler  at  all  temperatures  than  the  chloride  of  sodium 
is,  while  both  are  exceedin>rly  soluble,  so  tliat  the  two  salts  cannot  bo 
■eparated  by  crystallization.  This  process  of  crystallisation  Is  Iho 
iChaniical  manufacturer's  chief  reliance  in  refining  both  his  tuAtrmk 
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and  liis  products ;  and  the  purchaser  of  cbemicala  ^ds  liis  beat  guaranty 
of  the  purity  of  hU  comm<xiitie9  io  the  peculiar  form,  hi^tre^  color,  and 
dfgTe«i  of  trtiD^arency  which  characterize  the  crystals  of  every  crya- 
tallixahle  and  peiTuaneot  chemical  compound.  Hence  an  easily  crys- 
tallized permanent  salt,  of  characteriatic  appearance,  like  ehlomte  of 
potaseiumt  'w^U  always  have  the  preference  over  one  which,  like  chlo- 
rate of  ftodiura,  can  be  crystallized  and  piirilied  only  with  difficulty, 
ttod  la  not  permanent  when  once  obtained.  The  chlorate  of  sodium  is 
deliquescent. 

The  waate  product  in  the  making:  of  chlorate  of  potassium  by  the 
process  just  described  ia  chloride  of  pota^ium^  a  comparAti^  ely  dear 
salt  An  economy  ia  effected  by  substituting  hydrate  of  cnlriura  for 
hydrate  of  potassium^  and  thus  making  the  secondary  product  chloride 
of  calcium  instead  of  chloride  of  potassium  j  one  equivalent  only  of  the 
chloride  of  potassium  is  then  required  instead  of  six  of  the  hydrate  of 
potassium.  An  excess  of  chlorine  is  passed  into  a  mixture  of  300  parti 
of  quicklime,  154  part43  of  chloride  of  potassium^  and  100  of  water. 
The  mass  is  heated  by  steam,  stirred  with  agitators,  filtered^  and  then 
evaporated  nearly  to  dryness  by  steam-heat  j  the  mass  13  then  redifl- 
aol?ed  in  hot  water  and  set  to  crystallize : — 

3CaO  +  KCl  4-  6C1  =  KCIO,  -f  SCaCl,. 
The  mother-liquor,  which  contains  all  the  chloride  of  calcium,  may  be 
decomposed  with  sulphate  of  potassium,  in  which  event  a  very  finely 
divided  sulphate  of  calcium,  available  for  "  stulHng  *'  in  the  manufac* 
tore  of  paper,  is  precipitated,  and  chloride  of  potassium  is  recover<*d, 
to  be  a^in  applied  to  the  production  of  the  chlorate  j  or  the  chluride- 
of-calcium  solution  may  he  decomposed  with  carbonate  of  sodium,  in 
coder  to  precipitate  a  very  finely  divided  carbonate  of  calcium,  which 
19  largely  employed  by  the  pharmaceutist  and  perfumer.  In  the  latter 
case,  chloride  of  sodium  has  to  be  tlirown  away.  The  whole  manu** 
facture  is  a  good  example  of  a  technical  chemical  process. 

518.  Chlorate  of  potassium  hi  easily  decomposed  by  heat ;  ut  a 
moderate  temperature  it  yields  perchlorate  and  ehlorid©  oi'  potaa- 
j^^liiim  (§  124) ;  but  at  a  red  heat  it  is  resolved  into  chloride  of 
^ta^sium  and  oxygen  (Exp.  7):— KClO^=KCI-h30.  Chlorate 
of  potassium  is  eo  prompt  an  oxidizing  agent  that  mixtures  of  it 
with  combustible  bodies  ofttn  detonate  violently  when  struck  or 
heated  (Exps.  113,  157).  These  cuuibustions  are  dangerous  nn- 
lesa  very  smuU  qnantitiea  be  used.  It  has  been  often  pru posed  to 
replace  gunpowder  by  such  mixtures ;  a  mixture  of  the  chlorate 
with  catechu,  or  some  similar  stable  substance  rich  in  tannin,  is 
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the  most  promising  of  these  suggestions.  Strong  acids,  like  sol- 
phuric,  nitric^  and  chlorbydric  acids,  decompose  chlorate  of  potws- 
aium  with  evohition  of  oxides  of  chlorine*  or  of  chlorine  and  oxy- 
gen* The  decomposition  is  often  att*?nded  with  dccrepitiitioD,  and 
sometimes  with  a  flashing  light ;  combustibles,  like  sulphur,  phos- 
phoms,  sugar,  and  resin,  arc  inflamed  by  the  gases  evolrod*  A 
mixture  of  chlorate  of  potassium  and  chlorhydric  acid  is  used  in 
toxicological  investigations  as  an  oxidizing  agent  for  the  destruo- 
tion  of  organic  matter  (§  320).   The  following  formulffl  will  duci- 

ftte  some  of  these  reactions : — 

rciO,  +  2H,80,=  2C10,    +KC10,    +  2KHS0^      +  H,0 
"SKCnO.,  -h  6HN0^  ^  OKNO,  +  2KC10^  +  6C1  -f-  130  +  3H,0 

4KC10,  +  12HC1  =  4KC1  +  3C10,  +  9C1  -I-  CH^O. 
£x'jh  25B,— Pour  into  a  conic-al  test-glflss  25-30  c.  c.  of  water,  and 
throw  into  the  water  somi^  scrape  of  phosphorus^  weighing  together  not 
more  than  0'3  grm.^  and  3-4  grms.  of  crystals  of  chlorate  of  potassium. 
By  means  of  a  thistle-tube  bring  5  or  6  c.  c.  of  strong  sulphuric  add 
into  immediate  contset  with  the  chlorate  at  the  bottom  of  the  glaai. 
Then  withdraw  the  thistle-tiihe.  In  a  moment  the  phojipborus  is 
kindlf^d,  and  bums  with  vivid  flashes  of  light  beneath  the  water.  An 
eToIution  of  chlorine  accompanies  the  reaction. 

Ex/K  257. — P*.uh  4  or  5  grms,  of  clean  chlorate  of  potassium,  frt^ 
from  du8t,  to  a  fine  powder  in  a  porcelain  mortar.  In  po\vdc*rin;tr  chlo- 
rate of  potassium^  care  must  be  taken  that  the  mortar  and  pestle  aw 
perfently  clean,  and  the  salt  free  from  organic  matter,  and  that  violent 
pewjusaion  and  heavy  pre.^sure  upon  the  contents  of  the  mortar  he 
wholly  avoided.  Place  the  powdered  chlorate  on  a  piece  of  papt!r« 
add  an  equal  bulk  of  dry  powdered  sugar  to  the  pile^  and^  with  thi» 
fingers  and  a  piece  of  card,  mix  the  two  materials  thoroughly  tog«>ther. 
Mixtures  of  chlorate  of  potassium  and  organic  matter  are  liable  to 
explode,  if  strongly  ruhl>ed  or  but  lightly  stntck.  Wrap  the  mixtitfi 
in  a  papfr  cylinder,  and  place  the  cylinder  on  a  brick  in  a  strong 
draught  of  air ;  let  fall  upon  the  mixture  a  drop  of  sulphimc  acid  from 
the  end  of  a  glasis  rod  ;  u  very  vivid  combustion  will  ensue,  with  tha 
violet-colored  flame  characteristic  of  potassium. 

Mt^.  258. — Mix  together,  on  pap€*r,  with  the  precautions  above  ii«- 
Bcribed,  1  grm.  of  black  oxide  of  copper,  1  grm.  of  flulphiir,  and  25 
grms.  of  powdered  chlorate  of  potassium.  Place  the  mixture,  inclo««Hl 
in  a  paper  cylinder,  on  the  top  of  a  brick,  and  touch  it  with  a  hot 
wire ;  it  will  burn  vividly,  and  with  a  purple  color  which  b  prixed  ill 
pyrotechay. 
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The  hypothetical  metal  ammoniiim  (NH^)  is  a  tlevice  for 
aiag  the  constitution  and  properties  of  one  well-defined 
doss  out  of  the  several  classes  of  compounds  into  which  the  gas 
ammonia  enters.  This  class  of  compounds  is  that  which  results 
frotn  neutralizing  an  arjueous  solution  of  ammonia  with  acids,  us 
in  the  following  reactions : — 

KK„Hp  +  H,SO,  =  (NHJESO,  -f  H,0. 

Sulphate  of  Ammomum 
etna  i£i/(ho(/€n^ 

NH„H,0  +  HNO.  =  (NHJNO.  +  H,0. 

Aitratc  of  Ammonium, 
According  to  this  hypothesis^  the  cr}'stailiuo  salte  which  result 
from  such  neatralizations  contain  a  group  of  atoms  (NH^)  which 
is  analogous  in  its  action  to  potassium  and  sodium,  and  which 
fonns  salts  analogous  in  composition  to  the  potassium- salts.  Thus 
diloiide  of  ammonium  (NH^)Cl  is  analogous  to  chloride  of  potas- 
sium KCl;  sulphate  of  ammonium  (NH^)^80^  is  analogous  to 
enlphat^?  of  potassium  K^SO^,  and  so  forth  (§  91). 

All  the  actual  evidence  wo  possess  of  the  separate  existence 
and  metallic  chamcter  of  the  group  NH^  is  contained  in  the  fol- 
lowing curious  hut  inconclusive  experiment : — 

Eitp.  250. — Pour  8  or  10  c.  c.  of  mercury  into  a  small  ^m\t,  and 
warm  the  mercury  over  a  gas-lamp ;  drop  upon  the  mercury  six  or 
eifrlit  bits*  of  nietjillic  sodium,  no  one  of  them  larger  than  a  hemp-eeed. 
The  »oili»im  di^olve*  with  some  spattem%f  in  the  warm  mercury,  and 
a  sodium  flmfll;iam  is  thus  obtained.  Transfer  the  amalL'^am  to  a  tall 
gliL$$  or  bottle  of  at  leo^t  300  c.  c,  capacity,  and  pour  over  it  aconcen- 
trat<^d  solution  of  chloride  of  ammonium.  The  amaljyram  iuimodiajely 
be-giii»  to  swell  up,  and  ultimately  increa^^es  to  8  or  10  times  its  original 
hulk,  in  the  cold,  or  to  20  or  .30  timeB  if  the  s-olution  b©  hot.  aseuming 
a  pasty  conwBtency  like  that  of  soft  butter,  but  preserving  its  metallic 
lustre.  It  begintj  to  undergo  spontaneous  decompositioi^  a:^  doou  an  it  is 
Ibrmed^aud  if  it  is  placed  iu  water,  this  decomposition  is  q^uite  rapid ; 
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hjdrogen  gas  ia  given  off  in  minute  bubbles,  and  lunmonia  is  found  in 
the  solution.  This  curious  substance  hna  been  supposed  to  be  a  com- 
bmntioQ  of  flmmoniiim  (^114)  with  mtsrcurj  ;  all  ttttenipls^  however, 
to  isolftte  the  ftmmonium  have  been  unsuccej^sful.  The  proportion 
of  ammonium  (?)  priisent  in  the  amalpfam  is  extremely  minute,  not- 
withstanding' the  great  chau^^e  of  bulk  and  properties  expt^nenced  by 
the  mereury.  The  nmul^rftui  is  said  to  contain  only  1  part  of  nitrogen 
and  hydrogen  to  1800  parta  of  mercury. 

520«  Ammoniam-salts  are  generally  ijsomorpbous  with  potas- 
aium -salts.  Tliey  have  mostly  a  pungent,  saline  taate  ;  they  are 
colorless,  like  sodium-  and  potassium -aalts,  unless  the  acids  are 
colored ;  the  carbonates,  and  those  salts  which,  Kke  the  chloride 
and  iodidt%  contain  no  oxygen,  are  volatile  at  a  moderate  heat 
without  decomposition  ;  some  salts  lose  their  ammonia  when 
heated ;  if  the  atid  which  neutralized  this  ammonia  b  a  non- 
volatile substance,  like  pliosphoric  acid,  it  will  remain  behind  un* 
decomposed ;  others,  like  the  nitrate  (Exp.  34),  yield  simpler 
gases  than  ammonia,  as,  for  example,  nitrogen  or  nitrous  oidde. 
An  aqueous  solution  of  an  ammonium-salt,  when  exposed  to  the 
air  or  evaporated,  generally  loses  ammonia  and  acquires  an  ocid 
reaction ;  hence  in  erystalliziog  an  ammonium-salt,  ammonlft* 
water  must  be  occasionally  added  during  evaporation.  All  wn- 
moniura-salts,  whether  solid  or  in  solution,  evolve  ammonia  when 
heated  witli  the  hydrates  of  sodium,  potassium,  calcium  and  ft 
few  other  metals  (Exp.  48). 

iKr/>.  260- — Warm  a  few  centimetres  of  a  solution  of  chloride  of 
ftimnonium  in  a  test-ttibcj  add  a  few  drops  of  a  solution  of  cmi^itic  §od«, 
and  boil  the  liquid.  The  gaseous  ammonia  can  be  detected  by  its  odor. 
If  in  any  cfiso  the  ammonia  evolved  be  in  so  small  a  quantity  thai  ita 
characteristic  smell  cannot  be  detected,  it  may  be  recognized  by  ita 
property  of  restorinf?  the  blue  color  to  reddened  litmus*pnper  (f  83), 
and  of  forming  white  fumes  by  contact  with  a  rod  moistened  with 
flomewbat  dilute  chlorhydric  acid  (Exp.  65).  The  reaction  may  \m 
formulated  as  follows  : — 

NH.Cl  +  NftHO  =  NaCl  -h  NH,  +  H,0, 

52L  The  solution  of  ammonia  gas  in  water  (KII^.HjO)  may  bo 

regarded  as  a  solution  of  hydrate  of  ammonium  ^NIIjIIO,  eom- 

parable  with  the  solution  of  caxistic  soda,  NaHO,  or  eau.stic  pot^»h, 

KHO.     This  solution  produces,  indeed,  many  of  the  eflects  which 
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the  solutions  of  tlio  caustic  alkalies  produce ;  it  neutralizes  acids, 
displaces  tJie  oxides  of  many  metals  from  solutions  of  their  salts, 
and  combines  with  fats  to  fonn  a  soap ;  it  is,  in  short,  a  powerful 

£rp,  261-^ — Dissolve  a  small  cn'stal  of  alum  in  0-8  e,  c-  of  water  in 
a  test-tube,  and  add  amraonia-water  until  the  eohition,  after  being 
w*?Q  shaken*  smells  strongly  of  animoma.  A  gelatitious  precipitate  of 
the  hydrate  of  aluminum  ^ill  appear  in  tlie  liquid. 

£ip.  2ii2. — Dissolve  about  1  grm.  of  sulpLate  of  zinc  in  6-8  e.  c«  of 
water  in  a  test-tube  ;  add  4  or  5  drops  of  Aoimonia-water,  and  shake 
up  the  contents  of  the  tube.  A  white,  translucent  precipitate  of  the 
hydrate  of  zinc  will  appear.  Pour  into  the  turbid  liquid  in  the  tube 
S  or  4  c.  c.  more  of  ammonia- water ;  the  precipitate  will  redi^solvo 
•Old  the  liquid  again  br.'come  clear.  The  zinc  is  at  first  displaced  from 
position  in  the  sulphate  by  the  group  (NU|) ;  but  tin*  hydrate  of 
sine  thus  precipitated  is  soluble  in  an  excess  of  ammonia-water.  The 
hydrate  of  ammonia  behaves  in  this  way  with  not  a  few  salts  of 
metals. 

Ammonium-salts  are  veiy  numerous;  but  only  the  few  which 
are  of  present  importance  in  the  useful  arta  will  be  here  de* 
ftcribed« 

522.  Chloride  of  Ammonium  (KH^d). — This  salt,  commonly 
called  sal-ammoniac,  is  found  native  in  many  volcanic  regions. 
When  nitrogeniicd  animal  matter  and  chloride  of  sodium  are 
distilled  together,  this  salt  sublimes  from  the  mixture ;  the  com- 
^lAtrdal  supply  of  the  salt  was  formerly  obtained  from  the  soot 
ting  from  the  incomplete  combustion  of  camePs  dung. 

The  raw  material  whence  ^ammonium -salts  are  now  manufactured 
is  derived  from  gasworks  and  boneblack -factories.  Coal  and  bones 
contain  a  portion  of  nitrogen,  which,  during  the  process  of  distillation, 
is  partially  converted  into  ammonia  (J  92) ;  this  ammonia  combinea 
with  the  carbonic  acid  and  sulphydric  acid  which  are  hkewise  productB 
of  the  distillation,  and  these  compounds  are  condensed  into  a  some^ 
what  watery  liquor,  contaminated  with  tarry  and  oily  matters,  from 
which  thtt  fljnmouium-salts  are  subsequently  extracted.  The  impure 
«  carbonate  is  converted  into  chloride  by  the  adilition  of  chlorhydric 
acid,  or  of  the  mother-liquor  from  saltworks  (a  liquor  containing  the 
chlorides  of  magnesium  and  calcium) ;  on  evaporating  the  elaiified 
»o1utioD|  crystals  of  sal-ammoniac  are  obtained,  but  they  are  generally 
too  dirty  for  n^e.  They  are  partly  freed  from  tarry  matters  by  heatiajf 
them  to  a  temperature  a  little  below  their  subliming-point,  but  hi{j;h 
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enoygh  to  drive  off  the  tar,  and  are  then  redissolved  in  water ;  ihU 
oolution,  decolorized  by  being  filtered  through  animal  pharcoal,  is 
recrystalliied ;  these  cryatais  are  sometiines  further  puriiied  by  sub- 
limation. 

Chloride  of  ammoiiiufn  servos  for  the  preparation  of  aramoim 
(Exp.  48),  and  of  carbonate  of  ammonium.  It  is  somewhat  cm- 
ployed  in  dyeing,  and  also  in  certain  proeeases  with  metals,  such 
as  tinning,  soldering,  and  silvering  copper  and  brass,  and  g/ilta- 
nizing  (rincing)  iron.  The  suhhmed  salt  forms  serai tnms part' ut, 
tottgh,  fibrons  ma-sses ;  it  is  very  soluble  in  water,  and  a  great 
reduction  of  teraperatxire  occnrs  during  its  solution  ;  hence  it  is 
employed  as  a  refrigerant.  Its  taste  u  sharp  and  acrid.  When 
heated,  it  aublimea  much  halow  rednesa^  without  undergoing 
fusion. 

£j^.  263. — Heat  a  bit  of  sal-ammoniac  on  a  piece  of  porcelftin,  and 
oheerve  the  low  temperature  at  which  the  solid  is  complet<iljir  con- 
Twrted  into  vapor. 

£xp.  204. — Place  a  tea^poonful  of  powdered  chloride  of  iinimnmiim 
in  th(?  hollow  of  the  haud^  and  pour  upon  it  two  or  three  tenftpoonfuli 
of  water.  The  eold  produced  by  the  solution  of  the  salt  will  be  verjr 
perceptible. 

523.  Sitlphate  of  Ammonium  ((NHJ^SO^). — If  tho  ammoniacol 
liqudr  from  gasworks  or  animal -charcoal  factories  be  neutralited 
with  sulphuric  acid,  or  if  it  be  decomposed  by  gypsum  (sulphate 
of  calcium),  the  sulphate  of  ammonium  will  he  obtained,  In  tbe 
latter  case,  the  impure  carbonate  of  ammonium  in  the  liquor, 
on  being  filtered  through  powdered  gypsum,  yields  carbonat4>  of 
calcium  and  sulphate  of  ammonium*  Another  recent  mode  of 
utilizing  the  ammoniacal  liquor  of  gasworks  yields  a  crude  sul- 
phate of  ammonium  ;  the  liquor  is  auftrred  to  tlow  down  ihc  coko- 
towers  which  are  now  ofte'U  connected  with  sulpliuric-aijid  chum- 
bers  (§  228),  and  there  absorbs  oil  the  acid-fumefi  which  oecape 
from  the  chambers,  A  crude  chloride  of  ammonium  may  be  pre- 
pared in  a  similar  way,  by  Fubstituting  ammoniacal  liquor  for 
wat^r  in  the  coke- towers  of  sulphate-of-sodium  furnuct***  (§  482)»* 
The  absorbent  power  of  the  ammoniacal  Uquor  is,  of  cour»c,  much 
greater  than  that  of  water. 

Rulphate  of  ammoniuni  is  colorloas,  and  bafl  a  veiy  hitter  taste; 
it  is  aoluble  in  twice  iti  weight  of  cold,  and  in  its  own  w«iight  of 
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trailing  water*  Its  crystalline  form  i^  the  same  as  that  of  sul- 
phate of  potassium,  and  the  commercial  artitio  looks  very  much 
like  sand,  just  as  the  oiyatals  of  Bulphate  of  potassium  have  a 
BUperfidal  resemhlance  to  quartz  crystala.  It  forms  a  consider* 
able  Qumher  of  double  salts,  which  are  isomorphous  with  the  cor- 
responding salts  of  potassium.  Sulphate  of  ammonium  is  cm- 
ployed  in  the  manufacture  of  ammonium -alum,  as  an  ingredient 
of  artificial  manures,  and  as  a  source  of  other  ammonium -salts, 

524,  Nitrate  of  Ammonium  ((NH^)NO^). — The  method  of  pre- 
paring this  salt,  and  its  complete  decomposition  by  heat,  have 
been  already  described  (Expe.  33,  34,  and  §  01).  The  salt  crys- 
tallizes in  long  needles  ;  it  has  a  pungent  taste,  is  soluble  in  leaa 
than  half  its  weight  of  boiling  water,  and  in  dissolving  produces 
«harp  cold.  Between  230*^  and  250°  it  is  decomposed  into  water 
and  nitrous  oxide ;  if  it  be  heated  hotter,  or  too  rapidly,  ammonia^ 
sitric  oxide,  and  nitrite  of  ammonium  (NH  J  NO^^  are  also  formed. 
Kitrate  of  ammonium  is  formed  by  the  action  of  dilute  nitric  acid 
on  several  metals,  especially  tin. 

525.  Carbonates  of  Ammmiiwn. — Commercial  carbonate  of  am- 
monium (sal- volatile)  is  a  white,  semi  transparent,  fibrous  sub* 
Btance,  with  a  pungent  taste  and  a  strong  ammoniacal  smell ;  it 
ia  prepared,  on  a  large  scale,  by  the  dry  distillation  of  bones, 
liom,  and  other  animal  matters.  The  product  is  purified  from 
empyreumatic  substances  by  repeated  sublimation. 

JSitp*  265. — Mix  thoroughly  together  10  gnus,  of  cliloride  of  ammo- 
Bium  and  20  grnis,  of  powdered  chalk ;  heat  the  mixture  in  a  HOiall 
evaporating-di>h  placed  upon  a  ^nnd-bulh.  When  white  vapors  begin 
to  rise  from  the  hot  ma^Sj  pltu!e  a  wide-mouthed  bottle  over  the  fuming 
mixture.  The  white  gubhuiAte  which  collects  in  the  bottle  is  a  car- 
lionate  of  ammonium ;  chloride  of  calcium  remains  iu  the  dish. 

This  experiment  illustrates  a  second,  and  very  common,  method 
I  of  preparing  the  commercial  carbonate,  which  simply  consists  in 
H  heating  to  redness  a  mixture  of  1  part  of  chloride,  or  sulphate,  of 
H^ffiffioninm  and  2  parts  of  carbonate  of  calcium.  When  this 
^Hlunercial  carbonnte  is  dissolved  in  strong  ammonia-water  at 
^^about  30**,  a  solution  is  obtained  which  yields^  large,  transparent, 

prismatic  crystals.     These  crystals,  however,  have  no  stability ; 

^«y  AT©  rapidly  decomposed  in  the  air,  giving  off  water  and 
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ammonia.  "  Sosquiearbonato  of  ammonia  '*  is  the  name  gem 
applied  to  tbis  substancc^ — a  name  deduced  from  the  dualisUc 
formula  2(NH^\0, 3C0^.  The  commercial  carbonate  approxi- 
mates to  the  composition  represented  by  this  formula ;  but  it  is 
SB  impure  product,  and,  when  exposed  to  tbo  air,  changes  grm- 
dually  into  a  more  stable  compound,  the  carbonate  of  ammoDium 
and  hydrogen,  or  **  bicarbonate"  (KH^)HCOj. 

This  bicarbonate  may  be  obtained  by  saturating  the  solution  of 
ammonia,  or  scsqul carbonate  of  ammonium,  with  carbonic  acid; 
it  forms  ltirgc%  transparent,  prismatic  crystals.  When  exposed  to 
the  air,  it  slowly  volatilizes^  giving  off  a  slight  ammouiacal  odor. 
At  the  ordinary  temperature,  it  is  soluble  in  8  parts  of  water; 
this  solution,  if  heated  above  36^,  evolves  carbonic  add.  Kvea 
at  the  ordinary  temperature,  the  solution  gradually  becomct 
nmmoniacal  on  keeping.  White  crystalline  masses  of  this  bicar- 
bonate have  been  found  in  guano  deposits.  It  seems  to  be  the 
most  stable  of  the  carbonates  of  ammonium ;  for  the  other  carbo* 
nates  change  into  it  if  left  to  themselves. 

626.  SuJphidfs  of  Ammomttm, — At  a  temperature  of  —18°, 
two  volumes  of  ammonia -go8  combine  with  one  volume  of  sal- 
phydric  acid  gas  to  form  a  crystalline  unstable  substancGi  of 
strong  alkaline  reaction,  which  corresponds  in  composition  with 
the  sulphides  Na^S  and  K^S. 

2NH,  +  H,s  =  omxs. 

Fxjh  2G0. — Pass  a  fIow  stream  of  washed  sulphydnc  acid  throufli 
JOO  c,  c,  of  etrong  aniinonitt-watorj  until  the  solution  has  a  predomi* 
iting  and  persistent  odor  of  aulphurptted  hydrogen.  This  sdution  li 
it  first  colorless,  and  coutaina  a  sulphide  of  ammoDium  and  hrdnigvB 
(NH/)IIS;  but  when  kept  in  conUiet  with  air  it  becomes  yelloW| 
owiMp"  to  the  fornifttir>n  of  a  higher  sulphidf*  of  ntiinionium.  The  solu- 
tion has  the  property  of  diasolvin|f  mAiiy  of  the  sulphides  of  the  mel&U, 
by  formiufi  with  them  flouble  sulphides,  and  is  a  very  useful  rt^agenl 
in  the  analytical  lab<.*ratory. 

The  higher  sulphides  of  ammonium  are  obscure  bodies^  to 
which  the  following  formul©  have  been  assigned, — (NHJ^S,, 
(NH;),8,,  (NH,),S.,  (NH/)^8„  (NHJA-  With  the  exception  of 
the  laaty  the  scjitisulphide,  all  tlieso  sulphides  are  soluble  in 
water.     With  the  same  exception,  they  eorre^jmnd  with  the  iul- 
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phides  of  sodium  and  potassinm.  They  are  in  general  unstable ; 
I  the  most  permanent  is  the  septisulpbide,  which  forms  rul>y-rcd 
I  crystals,  capable  of  resisting  temperatures  below  300**,  and  only 
I  slowly  detiomposable  by  water  and  chlorhjdric  acid. 
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527.  LitJitum  (Li). — This  rare  metal  occurs  as  a  constituent 
of  not  a  few  minerals,  especially  micas  and  feldspars,  but  does 
not  form  a  large  percentage  of  any  of  them.  The  minerals  lepi- 
dolite,  triphyiline,  and  petalite  usually  contain  from  3*5  to  6  per 
cent,  of  lithium,  and  are  the  chief  souj^ces  of  the  element.  In 
I  much  smaller  pDoportion,  it  has  been  recognifed  in  sea- water, 
mineral  waters,  and  almost  all  spring-waters,  in  milk,  tobacco, 
and  human  blood.  It  is  therefore  a  widely  diliused,  but  not 
abundant,  substance.  The  metal,  which  is  obtained  by  decom- 
posing the  fused  chloride  by  the  galvanic  current,  has  the  color 
and  lustre  of  silver  on  a  freshly  cut  surface,  but  quickly  tarnishes 
on  exposure  to  the  air.  It  is  harder  and  less  fusible  than  sodium 
and  potassium,  but  softer  than  lead;  it  may  be  welded,  by  pres- 
aure,  at  ordinary  temperatures.  It  floats  on  naphtha,  and  is  the 
lightest  of  all  known  solids  which  include  no  air,  its  speciiic 
gravity  being  only  0*59.  The  atomic  weight  of  the  element  is 
also  low,  namely  7, 

In  its  chemical  relations,  lithium  closely  resembles  sodium  and 
potassium,  but  is  somewhat  less  enei^etic;  it  combines  with  the 
same  elements  to  form  analogous  compounds  to  those  of  sodium 
and  potassium  ;  but  the  properties  of  these  compoutids,  while  pre- 
senting a  striking  general  resemblance  to  those  of  the  sodium  and 
potassium  compounds,  nevertheless  offer  some  special  points  of 
divergonce  from  them.     Thus,  the  hydrate  of  lithium  (liHO) 
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has  the  same  taste,  causticity,  and  alkaliDity  ns  the  hydnil 
sodium  and  potassium^  but  is  much  less  soluble  in  water, 
fused  hydrate  attacks  platinum  more  energetically  than  cnuatic 
eoda  and  pota^sh  do.  The  carbouate  and  phosphate  of  Uthium  aro 
rather  sparingly  soluble  in  water,  while  tfie  corresponding  sochum 
and  potassium- salts  are  exceedingly  soluble.  Ihe  chloride  of 
lithium  (LiCl),  produced  when  lilliium  burns  in  chlorine,  or 
when  the  hydrate  or  carbonate  of  Hthium  is  dissolved  in  chlor- 
hydiic  Qcid,  crystallizes  in  cubes »  and  has  the  taste  of  common 
salt ;  but  it  is  more  vohidle  than  the  cbluride  of  potassium,  and  it 
deliquesces  faster  than  any  other  known  salt,  whereas  the  chlo- 
rides of  sodium  and  potassium  are  almost  permanent  when  pure. 
All  the  volatile  lithium-compounds  color  a  gas-,  alcohol-,  or  bloir- 
pipe-Jlamo  carmijie-red.  The  most  delicate  reaction  for  the  de- 
tection of  Litbium,  the  test  which  has  revealed  its  existence  in  & 
^eat  variety  of  substances  which  were  never  imagined  to  0(7Q* 
ain  it,  is  tlio  presence  of  one  bright  line^  of  a  peculiar  red^  in  thi 
pectnim  seen  on  looking  through  a  glass  piism  at  a  fljuno 
colored  with  a  lithium  compound, 

528.  Spectrum  Analysis, — We  have  had  occasion  to  ohserr* 
that  certain  chemic^  substances,  like  horacic  acid  and  salts  of 
sodium,  potassium,  and  hthium,  impart  peculiar  colors  to  the 
blowpipe- tlame,  or  to  any  other  hot  and  colorless  flame.  If 
these  colored  dames  ai-e  looked  at  through  a  prism,  u  narrow 
pencil  of  the  colored  light  being  directed  through  a  slit  upon 
the  prism  J  it  will  be  seen  that  each  diiFerent  flame  prcjducc^  t 
peculiar  spectrum^  consisliug  of  one  or  more  tUatinct  bright  lintt 
of  colored  light,  and  bearing  no  resemblance  to  the  conUnuotm 
band  of  rainbow -colors  which  constitutes  the  common  spectrum 
produced  by  a  pencil  from  any  source  of  white  light.  Thus  the 
spectrum  of  the  yellow  sodium-flame  consists  of  a  single,  bngbt, 
yellow  line ;  the  puqde  potassium -flame  gives  a  s^jcctnim  con- 
taining two  bright  lines,  one  lying  at  the  extreme  red  and  thd 
other  at  the  extreme  violet  end,  and  a  second,  fainter  red  line; 
while  the  lithium  spectrum  consists  of  a  very  charauteiistiQ  red 
line  and  a  fainter  orange  lino. 

These  peculiar  lines  which  characteriEe  the  epectrum  of  aoy 
element  ore  invariably  produced  by  that  element,  and  neTer  by 
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any  other  stitistaBce,  and  Bot  <mly  the  color  and  number  of  lines, 
H  but  their poBition  in  the  normal  spectrum  always  remftina  unaltered. 
^  ^\^len  the  spectrum  of  a  flame  colored  with  a  mixture  of  sodium 
,      and  potassium  salts  is  examined,  the  yellow  line  of  sodium  is 
B  seen  in  its  place,  and  the  red  and  purple  lines  of  potassium  are 
^Uia  risible  in  their  respective  positions  as  if  no  sodium  had  been 
H|PlBient.     This  example  illustrates  one  great  advantage  which 
the  use  of  the  prism  gives» — the  unaided  eye  cannot  distinguish 
the  potassium  color  in  the  presence  of  the   intense   sodium- 
yellow,  the  brighter  color  hiding  the  paler ;  but  mth  the  priam 
it  is  e^ay  to  detect  each  of  several  ingredients  of  a  mixture  by 
the  appearance  of  its  charact<'ristic  lines.     Now,  every  elemen- 
tary substance,  whether  metallic  or  non-metallic,  solid,  liquid,  or 
^  gaseous,  when  heated  to  the  point  at  which  its  vapor  becomes 
B  luminous,  emits  a  peculiar  light  produced  by  it  alone,  and  the 
H  bright  line^  of  the  spectrum  of  this  light  are  characteristic  of  this 
f  dement  in  number,  color,  nnj  position.     Many  metals  require 
a  much  higher  temperature  than  that  of  the  common  gas-flame 
^  to  convert  them  into  luminous  vapors ;  but  by  the  use  of  the 
B  electric  lamp  all  the  metals,  even  gold*  silver^  and  platinum,  may 
"  be  made  to  yield  peculiar  spectra.     The  permanent  gases  also 
give  characteristic  spectra  when  they  are  heated  by  the  passage 
of  the  electric  spark ;  the  spectrum  of  hydrogen,  for  example, 
consists  of  one  red,  one  green,  and  one  blue  line, 

A  new  method  of  analysis,  of  extreme  delicacy,  is  based  upon 
these   facts.      Spectrum    anfidysis   is    competent    to   detect  the 

ayA8  0^.>00  6(y  ^^  a  gramme  of  sodium,  or  the   flooooooir  ^^  ^ 
gramme  of  lithium,  and  many  other  elements  in  incredibly  small 
proportions*     So  extreme  is  the  delicacy  of  the  method  that  it 
J      brings  into  plain  sight  minute  quantities  which  altogether  escape 
H  the  coarser  process  of  analysis,  and  reveals,  as  substances  com- 
™  mon  in  familiar  things,  elements  which  were  long  supposed  to  be 
of  extreme  rarity.     Thus  the  presence  of  lithium,  formerly  con- 
sidered a  rare  element  peculiar  to  a  few  obscure  minerals,  has 
I      been  demonstrated  by  spectrum  analysis  in  many  drinking-waters. 
Bin  tea,  tobacco,  milk,  and  blood,     A  still  more  striking  illustra- 
"  tion  of  the  value  of  spectrum  analysis  is  to  be  found  in  the  dis- 
covery of  four  new  elementary  bodies  by  its  meana. 
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529.  Two  new  elements  which  closely  peeemble'  sodium 
potadsiam,  and  are  in  nature  associated  with  these  alkuli-metak, 
have  been  found  in  certain  niineral  waters,  and  in  the  minend 
lepidoliti).  One  of  these  elements  gives  a  spectrum  containing, 
among  others  of  less  mark^  a  superb,  double,  red  line,  and  has 
thence  been  called  Ruhidittrn ;  the  other  produces  a  Bpeetrum 
characterized  by  two  beautiful  blue  lines,  and  has  thence  been 
called  Ccvsium.  These  two  new  metals  resemble  potassium  to 
closely  in  all  their  chemical  properties,  that  it  would  have  been 
nearly  impossible  to  detect  them  by  the  common  analytical  pn>* 
cesses  ;  yet  their  spectra  are  in  the  highest  degree  characteristio, 
exhibiting  bright  bands  which  exist  neither  in  the  potassium 
fipeetnim  nor  in  any  other  known  spectrum.  The  recently  dis* 
covered  metal  Thallium  was  discovered  and  traced  to  its  source 
in  certain  kindi*  of  pyrites  by  observing  a  splendid  green  line 
which  did  not  belong  to  any  known  substance.  The  new  metal 
InfUum  was  also  detected,  traced  to  its  source  in  certain  zinc 
ores,  and  successfully  i^olated^  by  the  help  of  a  dark-blue  line 
which  had  not  been  previously  observed. 

The  methods  and  processes  of  spectrum  analysis  are  not  appli* 
cable  to  colored  artificial  hghts  alone ;  they  have  been  applied 
with  encouniging  success  to  the  lights  of  various  quality  which 
emanate  from  the  sun,  the  stars,  and  the  nebulte ;  but  the  details 
of  these  observations  belong  rather  to  physics  than  to  chcmistry- 

530.  lixihidium  and  C(esium  (Kb  and  Cs). — These  two  elerocjiti 
are  always  found  together,  and  in  association  with  potassium* 
Though  extensively  diffused,  they  generally  occur  in  very  minute 
quantities.  Rubidium  seems  to  be  rather  the  most  abundant. 
Ten  kilogrammes  of  the  mineral  water  in  which  these  metals 
were  first  discovererl  yield  not  quite  two  milligrammes  of  chloride 
of  cajsium,  and  about  two  and  a  half  milligrammes  of  chloride  of 
rubidium.  Since  the  original  discovery  of  the  elemente,  they 
have  been  found  in  many  other  springs,  in  several  kinds  of  mies 
and  in  other  silicates,  and  in  the  ashes  of  beet-root,  tobacco,  coffee, 
and  grapes.  To  separate  the  metals  from  potassium  the  analtrtt 
relies  on  the  greater  insolubility  of  the  double  chlorides  whieh 
they  form  with  platinum  ;  if  a  mixture  of  the  chlorides  of  potas- 
sium, rubidium,  and  caesium  be  couqdotely  precipitated  by  ohlo* 
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nde  of  platinum,  and  tbe  yeUow  precipitato  be  repeatedly  treated 
with  boiling  water,  the  insoluble  residue  will  contain  the  new 
metiils.  The  ciBsium  ia  separated  from  the  rubidium  by  convert- 
ing a  mixture  of  their  carbonatea  into  their  tartrates,  the  rubi- 
dium into  the  acid,  or  bitartrate,  the  csesium  into  the  neutral 
tartrate,  and  then  exposing  this  mixture  to  very  moist  air.  The 
neutral  tartrate  of  c»sium  deliquesces,  the  acid  tartrate  of  rubi- 
dium remains  solid,  and  the  two  .salts  are  separated  by  filtration. 
Most  of  the  salts  of  rubidium  and  csesium  are  isomorphous  with 
the  corresponding  potassium -salts.  Their  hydrates,  RbHO  and 
CsHO,  are  caustic  alkalies,  soluble  in  water  and  alcohol.  Their 
carbonates  are  fusible,  deliquescent,  and  strongly  alkaline ;  the 
nitrates  (RbNO,  and  CsNOJ  and  sulphates  (Rb^SO^  and  Cs^SO^) 
are  anhydrous  crystalline  salts,  ioluble  in  water ;  the  sulphates 
form  alums  with  sulphate  of  aluminum.  The  chloride  of  cassium, 
CeCl,  is  a  deliquescent  salt,  like  chloride  of  lithium ;  the  chloride 
of  rubidium,  libCl,  is  permanent,  like  the  chlorides  of  sodium  and 
potassium.  The  fused  chlorides  are  easily  decomposed  by  the 
galvanic  current. 

The  metal  nibidium  is  white,  and  has  the  brilliant  lustre  of 
silver,  but  it  rapidly  oxidizes  in  the  air ;  its  specific  gravity  is 
1*52,  and  its  atomic  weight  85*7-  It  may  be  prepared  either  by 
the  electrolysis  of  its  chloride,  or^  like  potassium,  by  the  reduc- 
tion of  its  carbonate  by  ignition  with  carbon  and  chalk. 

The  properties  of  caesium  have  only  been  studied  in  the  amal- 
gam with  mercury  resulting  from  the  electrolysis  of  its  chloride ; 
the  metal  itself  has  not  been  isolated.  Its  atomid  weight,  de- 
duced from  the  analysis  of  its  chloride,  is  133.  There  can  be  no 
question  that  the  properties  of  both  rubidium  and  cjesium  differ 
from  those  of  sodium  and  potassium  not  in  kind,  but  only  in 
degree.  They  are  therefore  classed  with  sodium  and  potassium 
OS  alkali* metals. 

531.  Thallium  (Tl),^ — This  metal  was  discovered,  by  means  of 
■  spectrum  analysis,  in  Lipari  sulphur  and  in  the  deposit  in  the  flue 
of  a  pyrites-burner— a  furnace  in  which  iron  pyrites  are  roasted 
I  for  the  sake  of  the  sulpliurous  acid  they  yield.  The  element  is 
[found  to  occur  in  not  inconsiderable  quantities  in  many  specimens 
[of  iron  pyrites,  and  appears  to  take  the  place  of  arsenic,  which  is 
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a  commoTi  impunfy  of  this  mineral.  Thallium  presents  the 
ternal  characters  of  lead ;  it  ia  heavier  than  lead,  having  a  specific 
gravity  of  11*85,  and  it  is  so  soft  that  the  thumb-nail  can  indent 
it;  it  is  yevy  malleable,  and  ductile  enough  to  be  drawn  into 
wire ;  it  melts  at  200^  and  volatilizes  at  redness ;  its  freehly  cut 
surface  bos  a  bluish- white  lustre ;  but  it  quickly  tanmhes  and  is 
gradually  oxidized  in  the  air,  so  that  it  is  beat,  preserved  under 
water.  Water  ia  not  decomposed  by  it  even  at  lOO*',  When 
strongly  heated  in  oxygen,  it  takes  fire  and  bums  with  a  bright 
green  tiame. 

Thallium  dissolves  in  dilute  acids,  with  evolution  of  hydrogen* 
There  are  several  oxides  of  this  metal,  of  which  the  most  impor- 
tant is  the  oxide  Tl^O,  corresponding  in  composition,  and,  to  some 
extent,  in  properties,  with  the  oxide  of  sodium  Na^O.  This  oxida 
is  somewhat  soluble  in  water,  and  yields  a  caustic  alkaline  soltt- 
tion,  which  absorbs  carbonic  acid  from  the  air,  and  forms  a  wcfl- 
efined  series  of  salts.  The  sulphate,  TLjSO^,  is  a  soluble  salt, 
Ihich  forms  an  alum  with  sulphate  of  aluminum ;  the  chloride, 
TlCl,  is  only  shghtly  soluble  in  water,  resembling,  in  this  respect, 
the  chloride  of  lead,  and  being  quite  unlike  the  soluble  chlorides 
of  sodium,  potassium,  rubidium,  and  ccesium.  The  carbonate  of 
thflUium  is  a  soluble  salt ;  but  the  sulphide  of  thallium,  Tl^S,  ii 
an  insoluble  black  powder,  which  resembles  the  sulphide  of  lead, 
but  is  entirely  unlike  the  sulphides  of  the  alkah-metals.  The 
soluble  salts  of  thallium  aj-e  very  poisonous.  In  general,  the 
properties  of  thallium  are  intermediate  between  those  of  load  and 
those  of  sodium  and  potassium.  Like  the  alkali -metals,  it  replaoei 
hydrogen  atom  for  atom ;  its  atomic  weight  is  204. 
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532,  Silver  is  a  widely  diffused  and  quite  abundant  element, 
but  in  its  mode  of  occurrence  it  difTers  widely  from  the  alkaU* 
metals  which  we  have  just  been  studying.     In  the  first  place,  it 
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frcqnently  occnra  native,  l>ot3i  pur©  and  alloyed  with  mercnry, 
copper,  and  goldj— a  mode  of  occurrence  quite  iniposmble  for  the 
alkali -metals,  because  of  their  readiness  to  combine  with  the  ele- 
ments of  air  and  water.  Native  silver  is  found  in  various  forms, 
enmetimes  crystallised  in  cubes  or  octahedrons,  sometimes  in 
Eluments,  both  coarse  and  fine,  and  sometimes  in  shapeless  masses. 
The  metal  more  commonly  occurs  in  combination  with  sulphur, 
mixed  with  sulphides  of  lead,  antimony,  copper,  and  iron.  It  is 
from  argentiferous  sulphides  that  the  larger  part  of  the  silver  of 
commerce  is  extracted;  among  ores  of  this  kind  the  argenti- 
ferous sulphide  of  lead  (galena)  is  the  most  abundant.  Combi- 
nations of  silver  with  selenium,  telluriam,  chlorine*  bromine,  and 
iodine  are  also  to  be  enumerated  among  silver-containing  minerals ; 
of  these  the  chloride  (horn-silver)  occurs  in  quantities  largo 
enough  to  make  it  valuable  as  an  ore  of  the  metal.  It  is  notice- 
able that  the  only  elements  which  are  extracted  in  any  quantity 
from  their  chlorides  aa  ores  are  sodium,  potassium,  and  silver. 
The  chlorides  of  copper,  mercury,  and  lead  do,  indeed,  occur  aa 
nataral  minerals ;  but  as  soarcea  of  those  metsjs  they  have  no 
eigntficance*  A  small  proportion  of  silver  exists  in  sea- water 
(about  1  milligramme  in  100  litres),  and  Its  presence  has  been 
recognized  in  common  salt,  in  chemical  products  in  the  making 
of  which  salt  is  used,  in  various  sea-weeds,  in  the  ashes  of  land- 
plants,  in  the  ash  of  ox-blood,  and  probably  also  in  coal.  In  sea- 
water  it  exists,  as  sodium  and  potassium  do,  in  the  form  of  chloride. 

When  silver  is  extracted  from  argentiferous  sulphide  of  lead,  the  ops 
IS  first  treated  for  lead,  precisely  as  it  would  be  if  it  contftined  no  silver. 
The  lead,  so  reduced,  contains  all  the  silver  originally  present  in  the 
quantity  of  ore  treated.  The  subsequent  sepamtioo  of  the  metallic 
silver  irom  the  meialUc  lead  depends  upon  the  chemical  properties  of 
lead  rather  than  of  ailver^  for  the  silver  remains  imaltered  during  the 
whole  process ;  this  separation  will  therefore  be  described  in  the  next 
chapter. 

The  mixed  sulphides  which  contain  silver  have  been  heretofore  ge- 
nerally reduced  by  a  compUcate<i  process  which  depends  ultimntelyon 
■a  amalgaination  of  the  silver  with  mercury.  The  ore,  after  thorough 
washing  and  grinding,  is  mixed  with  a  portion  of  common  salt,  and 
roasted  for  several  hours ;  duiing  this  roasting,  white  iumes  of  arsenioua 
and  antimonioua  acids  are  expelled,  the  sulphides  of  copper  and  iron 
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are  partially  conrerted  into  oxides,  cliloridesi,  and  anlphatcs,  and  cHu 
ride  of  «ilver  and  sulphate  of  sudium  are  formed.  The  roa^ttjd  product 
ifl  then  reduced  to  a  very  fine  powder,  and  ag-itated  in  revolvinp^  ca^k* 
with  water  and  iron  filings*  or  acrapa,  to  which  mercury  h  soon  iuid«i. 
This  operation  lasts  ahout  20  houra  j  during  it,  the  iron  decompoaoa  the 
chloride  of  silver,  and  the  mercuijdisfiolvea  the  silver  to  an  ani&lgram; 
from  this  amalgam  the  excess  of  mercury  is  first  squeezed  out  through 
leather  or  cloth  filters,  and  the  remainder  is  driven  off  by  distillatiaa. 
The  reFtdual  stpon^y  mass  is  silver,  alloyed  with  a  variable  proportion 
of  copper,  derived  ^m  the  ore  and  reduced  to  the  metallic  tsUi»  hj 
the  same  steps  which  have  reduced  the  silver. 

This  process  is  European ;  the  process  of  amalgnmatioQ  as  pmctiavd 
in  Mexico  aod  South  America  U  quite  different,  and  the  reactioos  which 
it  depends  upon  are  somewhat  obscure.  The  ore  ia  not  roasted^  buU 
after  being  ground  to  powder,  moistened  with  water,  and  mixed  with 
from  1  to  5  per  cent,  of  common  salt,  it  ii  sulTered  to  lie  undiaturbed 
for  some  days.  From  J  to  1  per  cent,  of  roa9t4.^d  cnpp+^r  pyrites  is  then 
added,  together  with  a  considerable  proportion  of  metallic  mercurf, 
and  the  mass  is  worked  together  and  commingled  by  the  trampling  of 
mules  or  horses.  After  an  interval  of  two  or  three  weeks,  a  second 
dose  of  mercury  is  given,  and  after  a  still  longer  interval  a  lliird*  By 
this  last  addition,  a  fluid  amalgam  is  obtained,  which  is  separated  by 
washing  and  filtering,  and  distilled  for  the  recovery  of  a  portion  of  the 
mercury  employed,  and  the  isolation  of  the  silver.  In  this  proceia 
there  is  a  great  waste  of  mercury,  because  much  of  it  ia  cociTerted  ia4o 
a  chloride  of  mercury  (calomel)  and  lost.  The  recommendatjons  of 
the  proca^  are  mainly  these — that  it  re<][uires  no  fuel,  except  for  the 
distillation  of  tbe  amalgam,  and  that  it  leaves  the  silver  In  a  condidou 
of  great  purity.  The  whole  process,  though  far  from  economical  6oiii 
the  point  of  view  of  the  theoretical  chemist,  was  doubtle^  a  iegitimata 
outgTONvth  of  the  conditions  under  which  it  took  birth. 

Various  processes  have  been  patented  for  the  extraction  of  silvtr 
witliout  the  use  of  the  costly  mercury,  some  of  which  have  been  sue- 
cesBfuliy  practised  on  a  large  scale.  They  depend,  for  the  moat  part, 
eititer  on  the  compai'ative  stability,  in  the  fire,  of  sulphate  of  silver 
when  once  formed,  aa  compared  with  the  sulphates  of  iron  and  copper, 
and  the  consequent  poseibility  of  dissolving  sulphate  of  silver  out  of  th* 
roasted  ore,  or  upon  the  fact  that  the  chloride  of  silver,  which  r«>««u)tf 
from  the  roasting  of  the  ore  with  chloride  of  sodium,  may  be  dineolved 
ID  solutions  of  the  alkaline  chlorides,  and,  indeed,  in  aqueous  solutions 
of  a  great  many  other  soluble  salts,  though  it  is  by  itself  insolubla  to 
water.    Any  aqueous  solution  containing,  amoitg  other  things,  a  sil?<tf- 
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■alt  (wlietlier  in  th©  condition  of  chloride,  sulphate,  or  nitnite  is  indif- 
ferent) mftv  be  decompofied  hy  digestion  with  metiillic  copp<.*r;  the 
8ilver-»alt  will  be  decomposed^  the  correaponding  copper-salt  formed 
And  dissolved,  cuid  the  metallic  silver  will  be  precipitated. 

633*  SilvfT  (Ag). — ^Thc  element,  silver,  is  much  more  familiarly 
known  than  any  of  its  compounds ;  known  from  the  earliest  ages, 
this  metal  has  always  been  prixed  as  much  for  its  beauty  as  for 
its  rarity,  WTiite,  brilliantly  lustrous,  Busceptible  of  an  admirable 
polish,  wonderfully  malleable  and  ductile,  the  best  known  con- 
ductor of  heat  and  electricity,  fusible  only  at  a  very  elevated 
temperature  and  permanent  in  the  air,  whether  hot  or  cold,  wet 
or  dry,  it  represents  and  embodies  in  the  completest  sen&e  all  that 
IB  oommonly  understood  by  the  term  metal, 

Thia  word  metal  cannot  be  strictly  defined ;  it  is  a  conventional 
terra,  vaguely  used  because  expressing  a  vague  idea.  Thus 
metals  would  all  be  solid  were  not  mercury,  and  perhaps  caesium, 
fluid ;  they  are  generally  heavy ;  but  lithium,  sodium,  and  potas- 
sium float  upon  water ;  they  have  all  a  peculiar  lustre,  called 
metallic ;  but  this  lustre  does  not  characterize  me  tils  alone,  for 
coke  and  graphite,  galena,  molybdenite,  and  many  other  minerals 
often  exhibit  a  similar  lustre  ;  they  may  all  be  said  to  be  opaque ; 
but  gold  may  be  beaten  out  so  thin  as  to  transmit  a  greenish 
light.  While  it  is  not  possible  to  define  the  term  metal  with 
precision  from  chemical  any  more  than  from  physical  properties, 
one  general  chemical  fact  deserves  attention  in  this  connexion. 
We  have  seen  that  bodies  which  contain  a  large  proportion  of 
oxygen,  such  as  SO,,  Vp^,  Np^,  and  CO^*  have  a  common  ten- 
dency to  unite  with  other  bodies  which  are  alike  in  that  they 
contain  a  much  smaller  proportion  of  oxygen,  such  as  K^,  Nafi^ 
PbO,  and  CaO,  to  form  more  or  less  stable  saline  substances.  The 
first  class  of  bodies,  which  are  usually  rich  in  oxygen,  have  been 
called  aeida ;  the  second  class,  which  are  usually  poor  in  oxygen, 
have  been  designated  collectively  as  hasf$.  Now  those  elements 
which  unite  with  oxygen  to  form  acids  alone  are,  as  a  rule,  non- 
metallic,  and  those  elements  which  unite  with  oxygen  to  form 
bases  are,  in  the  chemical  sense  of  the  term,  the  mt'tals ;  but  no 
sharp  line  of  division  between  metallic  and  non-mctallic  elements 
can  he  established  on  this  principle,  inasmuch  as  some  elements 
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which  possess  the  other  characteristics  of  a  metal  form  no  bane 
oxide,  while  some  metals,  hke  antimony,  form  oxities  which  4m 
at  one  time  hasea  and  at  another  time  acids*  The  metal  arsenic^ 
for  example,  forms  no  bapie  oxide ;  and  ive  shall  hert'nfter  meet 
with  another  illustration  of  the  same  difficulty  of  classification,  xn 
the  element  tungsten. 

Melted  silver  possesses  the  curious  property  of  ahsorbing  a 
large  volume  of  oxygen  (twenty-two  times  it3  bulk),  fi*om  the 
air,  while  it  is  liquid.  This  gas  it  gives  out  again  on  solidifying. 
When  a  globule  of  molten  silver  is  cooled  suddenly,  the  film  of 
solid  metal  which  forms  upon  ita  surface  is  buret  open  by  the 
escaping  gaj^,  and  the  liquid  silver  within  is  apt  to  he  projected 
outwards  with  the  gas;  this  phenomenon  is  called  spitting;  it 
often  occasions  a  loss  in  silver  assays.  When  heated  on  limo 
before  the  oxyhydrogen  blowpipe,  silver  gives  off  vapors  which 
become  oxidized  if  the  blast  of  gas  contain  an  excess  of  oxygen; 
a  fine  silver  wire  is  dispersed  in  greenish  vapors  when  a  very 
powerful  electric  discharge  is  sent  through  it.  Silver  combines 
slowly  with  chlorine,  bromine,  and  iodine,  and  promptly  with 
sulphur.  The  tarnishing  of  silver  is  due  to  the  formation  of  a 
thin  film  of  the  bla<'k  sulphide  over  the  metallic  surface,  by  ooia- 
bi nation  between  the  silver  and  the  sulphur  of  the  sulphuretted 
hydroj^^en  which  is  often  present  in  the  air  of  towns  and  liouses. 

The  best  solvent  for  silver  is  nitric  acid  diluted  with  two  of 
three  parts  of  water ;  nitric  oxide  is  evolved,  and  nitrate  of  ailTcr 
remains  in  solution : — 

3Ag  -h  4HN0,  ==  3AgN0,  +  KO  +  2H,0. 
Chlorhydric  acid  acts  upon  it  but  slowly ;  for  the  chloride  of  sUter 
is  but  slightly  sohiblo  in  chlorhydric  acid,  whether  strong  or 
dilute.     Boiling  Bulphuric  acid  dissolves  silver,  and  forms  the 
sulphate,  sulphurous  acid  being  evolved  during  the  reaction : — 

2Ag  +  2H,S0.  =  Ag,80.  +  2H,0  +  80,. 
Neither  the  alkaUea  nor  their  nitrates  have  much  effect  on  silver, 
whetber  they  are  in  solution  or  are  fused  by  heat ;  hence  a  silver 
dish  is  used  in  concentrating  the  caustic  alkalies,  and  a  silver 
crucible  for  fusing  refractory  minerals  with  the  hydrate  of  sodiuju 
or  potassium.  The  specific  gravity  of  silver  is  10*5,  and  its  atomic 
weight  lOd* 
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534.  The  physical  and  chemical  f]uaHtiea  of  silrer  fit  it  to  Btrve 
as  &  medium  of  exchange*  and  as  the  material  of  jewellery  itnd 
plat^.  But  OS  the  pure  metal  would  be  rathci*  too  soft  for  ordi- 
Daiy  use,  it  is  hardened  Ly  combining  with  it  a  small  proportion 
uf  copper.  The  proportion  of  copper  in  the  "standard**  t^iher 
employed  for  coinage  varies  in  different  coimtrics.  In  the  United 
Statea  and  in  France  it  is  10  per  cent. ;  in  Gi-eat  Britain  it  u  7*5 
per  cent ;  in  Germany  it  is  25  per  cent. 

Exp.  207.^  PI  ace  one  or  two  dimes  in  n  small  flask,  and  cover  them 
with  nitric  acid  diluted  wilh  two  par  la  of  water.  Warm  the  flask 
gently  in  a  place  where  tliei-e  i*  a  good  drauj^ht  of  air;  tht*  coins  will 
gradually  diaolve,  with  evolution  of  nitric  oxide,  wbich^  on  contact 
with  the  air,  produces  the  ahundaut  red  fumes  which  e^N^apt?  from  the 
6ask;  add  m<>re  nitric  acid,  from  time  to  time,  if  necej?*8Hry  to  com- 
plete the  solution.  The  bine  solution  contains  both  the  &i\\^  and  the 
copper  dissolved  in  nitric  acid. 

Ilflce  in  the  blue  solulion  two  or  three  copper  cents,  and  lt»ave  the 
flask  at  jt'Ht  for  some  (laye  in  a  warm  plac**.  Tht*o  colk'ct  tJie  little 
plate«  of  pure  silver,  which  have  soparatrd  from  I  he  solution,  upon  n 
MttTf  and  wash  theni»  first  with  water,  and  then  with  am monia- water, 
until  the  amnion  la- water  no  longer  shows  any  tinge  of  bine.  Thia 
silver,  washed  finally  with  water  and  dried,  is  well  nigh  pure;  two- 
thirds  of  it  may  be  again  dissolved  in  nitric  acidj  the  solution  will 
contain  pui'e  nitrate  of  silver. 

535»  NHraU  of  Silver  (A^NO^). — This  salt,  aa  we  hare  already 
seen,  ia  obtained  in  flolution  by  dissolving  silver  in  nitric  acid, 
When  feuch  a  solution  is  evaporated  to  the  point  of  crystallization, 
the  nitrate  is  obtained  in  transparent,  anhydrous,  tubular  crystals* 
which  are  soluble  in  their  own  weight  of  cold  water*  and  in  half 
their  weight  of  hot  water*  The  salt  fuses  easily,  and  when  cast 
Into  eylindrical  sticks  ia  used  in  surgery  aa  a  caustic,  under  the 
name  of  hinnr  caustir. 

Nitrate  of  silver,  w^hen  pure,  is  not  altered  by  exposure  to  aun- 
Bght;  but  if  it  be  in  contact  with  organic  matter,  light  readily 
decomposes  it,  and  a  black,  insoluble  product  is  formed  of  no 
ordinary  stability.  Hence  the  solution  of  the  nitrate  stains  the 
akin  black,  and  the  salt  forms  the  baaia  of  an  indelible  ink  used 
for  marking  linen  and  other  fabrica. 

£rp,  208.— Dissolve  8  grins,  of  crystallized  carbonate  of  aodiom  and 
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1  grm.  of  gum-ambic  in  16  c.  c.  of  hot  water.    Moisten  a  bit  ( 
or  cotton -cloth  with  tliis  preparatory  solution,  dry  it,  and  presa  it 
Dootb  with  a  hot  iron. 

Dia solve  1  grm.  of  nitrate  of  silver  and  O'l  ffrm,  of  gum-aTabic  m 
l*7o  c.  c  of  water,  previouBly  coloi-ed  with  Indift-ink. 

Write  with  this  idlver  solution  upon  the  propared  surface  of  cloth, 
and  expos©  the  "writing  to  the  direct  rays  of  the  sun  for  a  few  hoursw 
Then  wash  out  the  gum  and  cflrhonate  of  sodium  with  water ;  a  veiy 
duriible  murk,  -which  neither  soap  nor  '^Boda"  will  obliterate,  will 
remain  on  the  doth. 

Nitrate  of  silver  is  eren  more  completely  decomposod  by  a  red 
heat  than  nitrate  of  potassium,  for  nothing  but  metullic  sil?er 
remains  behind ;  in  deeomposing,  it  gives  up  a  largo  quantity  of 
oxygen ;  hence  mixtures  of  combustibles,  like  sulphtjr,  phos- 
phoni3,  and  charcoal,  with  nitrate  of  silver,  detonate,  explode,  or 
deflagrate  when  struck  sharply  with  a  hammer  or  touched  with 
a  h  0 1  w  i  re.  ( Cora  pare  §§515,516.)  Ph  osj  >b  o  ru3 ,  m  ercury ,  rh  ar- 
coal,  grape-ftugar,  certain  essential  oils,  and  many  other  organic 
substances  reduce  metallic  sUver  from  solutions  of  nitrate  of 
silver.  Kitrate  of  silver  is  the  material  from  w  liich  most  other 
sDvcr  compounds  are  artificially  prepared.  It  is  largely  con- 
Bumed  in  photography. 

The  precipitation  of  metallic  silver  in  a  beautiful  arborescent  fonn 
is  acconipli>bcd  as  follows: — Dissolve  3  grms,  of  nitratis  of  silver  in 
60  c.  c.  of  water,  and  place  the  solution  in  a  tesst-glass  j  p^mr  2  gmm 
of  mercury  into  the  liquid,  and  let  the  gloas  stand  at  r$«t  fr^r  Stsvtfml 
hours.  The  nitrate  of  silver  nmy  be  recovered  by  dis-s^iK  iug  thu  pre- 
cipitated  silver  in  uitric  scid,  and  evaporating  the  solution. 

To  illustmte  tlie  decomposition  of  a  silver  solution  by  an  organic 
aubstance,  dissolve  2  grms.  of  nitrate  of  silver  in  00  c.  c  of  water,  and 
immerse  in  the  solution  a  horn  or  ivory  paper-knife,  which  has  bero 
cleansed  from  grease  with  ammonia- water  and  rinsed  in  fre-h  water, 
liCt  the  knife  remain  in  the  aolittion  about  an  hour ;  it  will  turn  y«l» 
low ;  take  it  out,  rinsf?  it  in  water,  and  expoae  it  to  the  dire<it  rays  of 
tlie  sun  until  it  turn/,  jet  black ;  then  burnish  it  with  a  piece  of  leather, 
and  the  silver  will  wppear  in  the  metallic  state. 

Mrp.  200.— Wrap  a  piece  of  phosphorus,  no  bigger  than  a  pint 
bend,  with  a  small  crystal  of  nitrate  of  silver,  in  a  bit  of  paper;  plaot 
the  packet  on  an  anvil  and  strike  it  with  a  hammer.  The  expWon 
will  be  sliarp.  The  student  will  remember  that  nitrate  of  ailier  atoini 
ib()  fingera* 
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J5^.  270. — Mix  1  grm.  of  powdered  nitrate  of  ailTer  with  0*2  grm. 
of  dry,  powdered  charcoal;  place  the  mixture  on  a  piece  of  poreekini 
and  touch  it  with  n  red-hot  wire.  The  mixture  deflagrates,  and  thero 
j^niami}  bt^hind  metallic  silver. 

Jjp.  271. — Add  to  a  solution  of  nitrate  of  ailver  a  solution  of  caustic 
soda,  until  no  further  precipitate  is  produced.  The  browniah  precipi* 
tate  is  a  hjdmted  oxide  of  eilver, 

■  536.  Ojtides  of  Silver, — Silver  probably  forms  tbree  oxides, 
Ag^O,  Ag^O,  and  Agr^^Og.  The  first  ia  a  verj  unstable  black 
powder;  the  second  forms  with  acids  the  ordinary  silver  salts; 
the  third  is  a  crystalline  body  obtained  by  electrolysis  of  niti^te 
of  silver,  llie  precipitate  obtained  in  tho  last  experiment  is 
the  hydrate  of  the  oxide  Agfi;  this  precipitate  readily  parts 
mth  ita  water,  and  at  a  temperature  much  below  100*^  becomes 
anhydrous.  Unhke  the  oxides  of  sodium  and  potassium,  this 
oxide  of  silver  yields  up  its  oxygen  below  a  red  hcut,  and 
metallic  silver  remains — as  ^pay  be  demonstrated  by  heating  the 
product  of  the  last  experiment ;  light  also  reduces  it,  and  hydro* 
gen  even  at  100^  has  the  same  effect.  Oxide  of  silver  bears, 
however,  certain  striking  resemblances  to  the  oxides  of  the 
alkali-raetals ;  thus  it  is  a  strong  base,  uniting  with  strong  acids 
to  form  salts  which  are  neutral  to  test-paper,  and  which  are  in 
gome  cases  isoraorphous  with  the  corresponding  salts  of  sodium. 
The  axide  is  slightly  soluble  in  water,  and  the  solution  has  a 
feeble  alkaline  reaction. 

The  oxide  is  freely  soluble  in  ammonia- water,  and  the  solution 
deposits,  on  exposure  to  the  air,  a  black,  micaceous  powder  which 
has  received  tho  name  of  fvlminatinff  iilvert  because  of  its  explo- 
edve  character.  The  same  dangerous  compound  is  formed  when 
freshly  precipitated  oxide  of  silver  is  digested  for  some  hours  in 
ammonia- water,  and  it  is  also  produced  when  an  ammoniacal 
solution  of  chloride  or  nitrate  of  silver  is  precipitated  with  a 
Bolution  of  hydrate  of  sodium  or  potassium.  It  is  necessary  to 
1)6  aware  of  these  facts  in  order  to  avoid  the  risk  of  producing  by 
accident  this  exceedingly  dangerous  substance.  Its  composition 
is  not  accurately  known.  Friction  or  slight  pressure,  even  under 
^ater,  may  cause  it  to  explode.  The  student  should  never 
venture  to  prepaie  this  substanoe. 
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Bxp.  272.— Fill  three  test-tubea  one-third  full  of  wiiter^  and  fmf 
into  ench  r  few  drops  of  a  moderfttely  strong  solution  of  xitti«t«  ot 
lilver.  Add  to  the  Unt  t€«t-tube  2  or  3  c.  c.  of  a  solution  of  ohlorido 
of  sodiuni,  and  shnke  the  tuhe  violently ;  n  dense,  white,  curdy  prrd- 
pitate  of  the  chloride  of  silver  will  be  produced.  Add  to  the  second 
teat^tube  2  or  3  c  c.  of  a  soliitiou  of  bromide  of  pot&^ium^  and  Mha]E<» 
the  tube  ;  a  yellowish  preoipiUit^  of  bivmiide  of  ah  i?r  will  be  tlirown 
down.  Add  to  the  tliird  ttist-tulje  1  or  2  c.  c.  of  a  solution  of  iodida 
of  potassium,  and  shake  up  the  liq^uid;  a  pale-yellow  Hocculent  deposit 
of  iodide  of  silver  will  be  formed. 

Withdraw  from  each  test-tube  a  portion  of  the  precipitate  it  coa- 
tmns,  and  try  to  dissolve  each  precipitate  in  strong  nitric  and  dilof- 
hydnc  acids;  the  attempt  will  fail,  for  these  silver  salts  are  inaoluble 
inaeids. 

Withdraw  from  each  test-tube  another  portion  of  the  precipitate  U 
contains,  and  treat  each  precipitate  with  ammonia-water ;  the  chlo- 
ride of  silver  will  dii^aidvo  easily,  the  bromide  ksa  easily,  the  iadido 
with  diJiiculty.     Lastly,  pour  upon  the  remnant:*  of  the  ^  ,  t** 

cipitatt^a  in  the  three  test- tube^  a  moderately  etrnncr  s<«3i  ;y- 

posulphite  of  sodium  (f  495) ;  all  three  precipitates  will  immeUiatdlj 
dissolve. 

Kip,  273. — Precipitate  some  curdy  chloride  of  silver  by  adding 
chloride-of-»odium  aulution,  or  chlorhydric  acid,  to  a  Bolulion  of  nitrata 
of  silver,  bo  long  a»  any  precipitate  is  produced.  Throw  the  piccipi- 
tate  upon  a  filter,  and  wash  it  with  water ;  then  open  tlie  filter,  fipread 
the  chloride  evenly  over  it,  and  place  it  in  direct  «iunlight.  The  whltft 
precipitate  rapidly  changes  to  violet  on  ejtposure  to  the  sun's  rays^tho 
depth  of  shttdti  increa.^in*r  aa  the  action  of  the  light  continues,  Tbif 
colomtion  arisen  from  a  partial  decomposition  of  the  chloride  of  «lfi<r, 
the  cbanjyre  of  color  bein^*  accompanied  by  a  loss  of  chlorine,  l^pon 
the  facts  illustrated  in  this  and  the  preceding  eiperimenta  the  mam 
processes  of  pliotography  depend. 

637.  Phoiografhxf, — The  chemical  changes  which  the  salta  of 
iilver  undergo,  when  exposed  to  light,  are  the  basfi^s  of  the  nrt  of 
photography — ^not  been  use  these  are  the  only  salts  which  an> 
a^ccted  by  lights  but  because  none  arc  ao  advantageous  on  tho 
whole.  There  are  three  differcBt  kinds  of  photographic  proocttf 
— that  on  silver,  that  on  glass,  and  that  on  paper. 

To  produce  a  photograph  an  eQver  (a  da^iu^rreotype)^  a  highly 
polished  ailver  plate  ia  exposed  in  a  dark  box  to  the  diluted 
vapor  of  a  mixture  of  bromine  and  iodine.     A  bronze-yeUow  iiiiii 
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af  brotn-iodide  of  silver  is  thus  prodticed  upon  the  plate,  whieh^ 
ftt  a  certaiD  stage,  posHesaea  a  high  degree  of  sensitiveness  to 
light.  The  plate  is  then  transferred  to  a  camera,  and  exposed 
at  the  focus  of  the  lens  to  the  light  radiuted  from  the  object  to  hu 
ia0pied*     After  remainiug  a  few  seconds  in  the  camera,  it  in  with- 

miif  and  immediately  exposed  in  a  warm  box  to  the  vapor  ot 
metallic  mercury.  When  the  plate  is  taken  from  the  camera*  tlw 
film  looks  a^  uniform  taa  ever,  and  no  image  is  vi^^ible  upon  it^ 
but  the  exposure  to  mercury  vapor  immediately  brings  out  an 
image*  The  mercury  fixes  itself  strongly  upon  those  parts  which 
have  received  the  light,  while  it  takes  no  hold  upon  those  parts 
of  the  film  which  the  light  has  not  decomposed.  A  strong  solu- 
tion of  hyposulphite  of  sodium  is  then  poured  over  the  plate,  in 
order  to  dissolve  ofiF  the  undecom|M)sed  brom-iodide.  The  highly 
polished  silver,  beneath,  forms  the  shades^  and  the  amalgam  of 
mercury  with  silver  forms  the  lights.  The  plate  ia  wa^jhed,  and 
a  very  dilute  solution  of  chloride  of  gold  in  liTposulphitc  of  sodium 
is  poured  over  its  surface  and  gently  warmed*  A  thin  film  of 
gold,  which,  as  it  wcrOf  varnishes  the  picture,  is  thus  deposited 
upon  the  plate ;  another  washing  completes  the  operation.  The 
dagaerreot>T>e  is  the  most  perfect  of  photographs  ;  hut  the  polish 
of  the  surface  prevents  the  image  from  being  seen  in  all  lights, 
and  the  plotc  is  liable  to  be  tarnished  and  ruined  by  sulphuretted 
gases. 

In  order  to  get  a  photograph  upon  glass,  a  transparent  film 
•optiblc  of  holding  the  ueccssaiy  silver-salt  must  first  lie  attached 
to  the  glass  plate.  Collodion  (a  solution  of  a  vaiiety  of  gun- 
cotton  in  a  mixture  of  alcohol)  and  ether  is  the  material  of  this 
film.  To  the  coiludion  is  added  a  solution  of  an  iodide,  either  of 
potassium,  cadmium,  or  ammonium,  or  a  mixture  of  these ;  tlie 
bromides  of  ammonium  and  cadmium,  or  one  of  them^  added 
in  the  proportion  of  one  part  of  the  bromides  to  three  or  four  of 
the  iodides,  render  the  film  more  sensitive  to  yellow  and  red  rays 
— a  pojut  of  importance  in  cloudy  weather  or  smoky  towns.  The 
collodion  thus  x>repared  is  poured  rapidly  over  a  clean  and  dry 
surface  of  pkte-ghisa  ;  the  volatile  solvents  evaporate  rapidly, 
and  as  soon  as  the  film  is  cohofont  the  glass  is  plunged  into  a 
bath  of  nitrate  of  silver  very  slightly  acidified  with  acetic  or  dilute 
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nitric  acid.  This  bath  must  be  in  a  dark  place ;  the  plate  ro* 
mains  in  it  for  sevural  minutes.  A  yellow  layer  of  iodide  ot 
brom-iodide  of  silver  is  produced  in  tJie  film,  and  nitrate  of  po* 
tassium,  ctidmium,  or  ammoniura  dissolves  in  tbe  bath.  The  plate  • 
is  then  exposed  in  tho  camera  for  a  few  seconds.  When  rcinovcd 
no  image  is  perceptible ;  but  on  pouring  over  the  film  a  solution  of 
gallic  or  pyrogallic  acid  in  alcohol  and  acetic  acid,  or  a  solutioD 
of  the  green  Bulphate  of  iron,  mixed  with  a  few  dropn  of  a  weai 
solution  of  nitrate  of  silver,  the  imiige  will  be  developed,  slowljr  oi 
rapidly,  according  to  the  nature  and  strength  of  the  developing- 
Hquid,  the  degree  of  exposure,  and  the  inten&ity  of  the  light*  Tht 
illuminated  portions  of  the  picture  ^nnll  appear,  under  the  aetioD 
0^  the  developer,  TRore  or  less  blank,  while  the  shaded  portions 
will  retain  the  yellow  colour  of  the  iodide.  As  soon  as  tbe  de- 
tails of  the  shaded  portions  appear^  the  liquid  is  washed  ofi^and  the 
development  arrested.  A  saturated  solution  of  hyposulphite  of 
sodium  is  then  poured  over  the  film  to  dissolve  off  the  yeUow  io- 
dide of  silver  where  it  h^is  not  boon  affected  by  the  light ;  only 
the  reduced  portions  of  silver  remain,  and  they  appear  more  or  less 
opaque.  The  plate  must  finally  be  very  thoroughly  washed  to 
remove  all  traces  of  the  hyposulphite,  and  then  dried  and  Tar- 
nished on  the  collodion  side  to  protect  tbe  film  from  injury. 

Concerning  the  nature  of  the  change  which  a  film  of  iodide  oi 
silver  undergoes  when  exposed  to  light,  we  cannot  be  said  to  hare 
any  exact  knowledge.  There  is  no  perceptible  alteration  in  tht> 
film ;  there  is  no  loss  of  iodine ;  the  iodide  retains  its  solubility 
in  hyposulphite  of  sodium ;  yet  the  impression  is  not  of  a  tempo- 
rary kind ;  for  the  invisible  image  produced  on  a  plate  may  be 
developed  many  hours  afterwards,  if  the  plate  is  kept  in  the  dadi 
during  the  interval. 

The  photograph  on  collodion  may  be  employed  directly  as  a 
positive  XJieture,  if  not  too  strongly  developed,  by  placing  it  on  ft 
black  background*  Those  portions  which  are  opaqn©  to  light,  or 
in  other  words  those  in  which  silver  is  deposited »  will  reflect  light, 
and  funiish  the  lights  of  the  picture;  while  those  on  which  the 
light  did  not  act >  and  wluch  are  therefore  transparent,  will  appear 
black  from  the  nature  of  the  background,  and  these  will  form  the 
shades  of  the  plctuiu.     lo  the" dag ueneu type  the  finished  picture 
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18  inyerted ;  in  tbe  collodion  positiTe  it  is  not  inverted.  If  tbe 
dcTclo  pin  en  t  be  pushed  further,  the  image  becomes  so  sti'oiigly  de- 
fined that  the  deposited  ailvcr  will  more  or  less  completely  inter- 
cept the  light.  The  collodion  side  of  the  plate  is  then  placed  in 
contact  with  the  sensitive  Bide  of  paper  impregnated  with  chloride 
of  silver  by  a  process  immediately  to  be  described,  and  €xix>sed 
to  light  in  a  pressure- frame.  Tlio  light  is  arrested  by  the  iiltercd 
parts  of  the  collodion,  but  is  freely  transmitted  by  the  other  por- 
tions ;  upon  the  paper,  therefore,  the  lights  of  the  real  object  are 
light  and  the  shades  arc  dark.  Such  a  negative  coUodion  picture 
may  of  course  be  copied  on  a  second  sensitive  collodion  film. 

Two  develnping-solutions,  used  one  after  the  other,  produce  a 
l)etter  eifect  than  one.  The  green  sulphate  of  iron  may  be  used 
first,  and  pyrogalHc  acid  with  nitrate  of  silver  subsequently ; 
the  iron  solution  must  be  completely  washed  off  before  the  other 
is  added.  The  picture  may  even  be  intensiJicd  by  pyrogallic  acid 
the  plate  has  been  washed  in  hyposulphite  of  sodiuni. 

Photographs  were  made  on  paper  long  before  tlie  irhn  on  gla*8  came 
into  use ;  bat  the  paper  process  is  now  chiefly  conlined  to  the  prinlijig 
of  positive  impressions  from  collodion  negatives  on  gl&is.  The  silver- 
salt  which  is  preferred  for  photographic  paper  ia  the  chloride,  with  or 
without  albumen,  but  always  accompanied  with  free  nitrate  of  silver* 
The  paper  is  floated  for  five  minutes  on  a  solution  of  chloride  of  sodium 
or  •mmonium  ;  when  dried,  it  is  floated  in  a  dark  room,  for  five  mi- 
BUtes,  on  its  salted  surface,  in  a  solution  of  nitrate  of  silver ;  again 
dried,  it  is  fit  for  use.  When  «uch  paper  is  used  to  obtain  a  positive 
Impression  from  a  collodion  negative,  or  &om  a  paper  negative  made 
transparent  with  wax  or  a  mixture  of  wax  and  partt^fme,  it  is  exposed 
to  light  under  the  negative  to  be  copied,  until  the  Eghts  of  the  picture 
are  of  a  pale  lilac  hue,  and  the  shades  of  a  deep  bronze  color.  After 
being  thoroughly  washed,  the  paper  is  transferred  to  a  " toning *'-l>ath, 
which  couisiats  of  a  very  dilute  solution  of  bicarbonate  of  sodium,  with 
a  minute  proportion  of  chloride  of  gold.  The  picture  is  kept  in  mo- 
tion while  in  this  Imth  ;  it  remains  t^ere  imtil  its  shades  have  acquired 
a  deep  purple-blnclc  color.  It  is  only  in  those  parts  of  the  picture  in 
which  the  silver  has  been  well  reduced  that  this  toning  effect  is  pro- 
duced. The  picture  is  again  washed  in  water,  and  soaked  for  fifteen 
minutes  in  a  solution  of  hyposulphite  of  sodium,  in  order  to  remove 
all  the  chloride  of  silver  which  is  containe«l  in  the  substance  of  the 
paper.    Finally  the  picture  must  be  aoaked  Ibr  twenty-four  hours  in 
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water  which  is  constantly  renewed,  in  order  to  wash  away  every  tmtb 
of  the  compound  hypi^Hulphite  of  aodium  and  silver.  No  pholouraph 
will  keep  long,  unless  the  chloride  of  silver  haa  been  eon  '  '  tf^ 
Bolved  by  the  hyposulphite,  and   the  compound  hypof^ul;  *rd 

away  with  a  thoroujrhaess  that  leaves  no  truce  behind*  IX  Lhi*  Hist 
condition  ia  not  ftiltilled,  diffused  daylight  will  alter  the  picti|^«^ ;  if 
the  second  condition  is  not  complied  with,  yellow  or  brown  staiiu  will 
ultimately  destroy  the  picture. 

As  in  every  other  art  which  embraces  many  detnile,  and  demondt  • 
trained  eye  and  hand,  eminent  akill  in  photogiaphy  c$ui,  aa  a  rule,  bt 
acquired  only  by  long  practice. 

538*  Chloride  of  SUuer  (AgCl)* — ^Nativo  chloride  of  ailrer 
0€car9«  6ome times  in  cubical  crystals^  sometimes  in  compact 
semitranspareut  masses,  which  are  seclile,  and,  from  their  g^ 
neral  appearance,  have  given  the  mineral  the  name  of  hom-siltOT. 
Chloride  of  silver  may  ho  precipitated  from  any  soluble  mlrer* 
salt  by  addina;  to  the  silver  solution  clilorhydiic  ncid,  or  the  solu- 
tion of  any  soluble  chloride ;  or  it  may  bo  obtained  by  passing 
over  a  dry  silver-salt  a  stream  of  dry  chlorine  gas.  This  k%t  nn 
action  ia  the  basis  of  a  method  of  preparing  anhydrous  nitric  add. 
When  a  stream  of  dry  chlnrine  is  mado  to  pasa  over  perfectly 
dry  nitrate  of  silver  heated  to  6CP  or  60°,  the  following  reactioii 
takes  place : — 

Ag,N,0.  +  2C1  -  2Aga  +  N,0,  +  0. 

The  characterii^lics  of  precipitated  chloride  of  silver  have  bam 
ready  described  (Kxp,  272),  The  presence  of  an  extroordi- 
nai'ily  minute  proportion  of  ehlorfde  of  silver  renders  a  clear 
liquid  opalescent  It  is  easy  to  detect  silver  in  a  solution  of 
which  it  forms  only  the  ^^  part,  by  adding  to  the  soluttoii 
a  drop  of  chlorhydrie  acid  or  of  a  soluble  chloride.  An  admira- 
ble method  of  determining  the  amount  of  silver  present  in  any 
solution  depends  upon  the  insolubility  of  chloride  of  silver^  tbt 
density  and  peculiar  curdy  quality  of  the  precipitate,  and  iivt 
visibilily  of  the  smjillcst  trace  of  it  in  a  clear  fluid.  This  method, 
now  generally  employed  in  mints  and  assay-offices,  is  applicable 
to  the  quantitative  analysis  of  silver  alloys ;  it  is  volnmetric»  and 
depends  upon  the  measurerocnt  of  the  amount  of  a  standard  «o- 
lution  of  cblorido  of  gmlinm  which  is  re<|riired  to  effect  Uie  com- 
plete precipitation,  tus  chloride^  of  the  silver  contained  in  a  givin 
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weight  of  the  sXkj*  In  ft  aolution  which  is  acidukted  with  nitric 
acid^  and  which  contains  no  excess  of  the  soluble  chloride^^  the 
chloride  of  silver  is  easily  coagulated  into  dense  flocks  by  agita- 
tion ;  so  that  the  exact  point  at  which  the  precipitate  ceases  to  he 
formed  is  readily  perceived. 

Chloride  of  silver  melts  at  ahout  2G(P,  It  is  not  deeomposed 
irhen  heated  with  carbon,  but  is  easily  reduced  by  hydrogen 
when  heated  in  a  current  of  the  gas ;  zinc  and  iron  reduce  moist 
chloride  of  silver  to  metallic  silver ;  when  heated  with  carbonates 
or  hydrates  of  sodium,  pota^^sitim,  or  calcium,  chloride  of  silver 
gives  its  chlorine  to  the  other  metal,  and  pure  silver  is  set  freeu 

These  methods  of  reducing  chloride  of  silver,  except  that  by  hydro* 
gen,  are  turned  to  account  in  the  refining  of  silver  on  a  large  scale* 
The  coin,  or  bullion  to  he  reined  is  dissolved  in  nitric  acid^  and  to 
the  solution  chloride  of  sodium  is  added ;  the  precipitated  eblorlde  of 
silver  is  washed  until  the  washings  are  tasteless,  and  is  then  slightly 
acidulated  with  sulphuric  acid;  bars  of  zinc  are  placed  in  the  moist 
maaSy  and  the  whole  left  st  rest  for  two  or  three  days.  Chloride  of 
line  and  metallic  silver  nre  the  products.  As  soon  as  the  reduced 
silver  is  entirely  soluble  in  nitric  acid,  the  reduction  is  com  pie  te. 
'he  reduced  metal  is  digested  for  two  or  three  days  in  dilute  sul- 
ihuric  acid,  to  rentove  adhering  zinc-salta,  and  is  then  tborouglily 
hod,  dried,  and  finally  melted  and  ea«t  into  ingots.  If  an  sbso- 
iuU'ly  pure  metal  is  desired,  the  first  reduct  on  should  be  made  with 
ure  zinc^  and  tbi?  refined  silver  may  be  ogft^n  dissolved  in  nitric  acid, 
throwTi  down  as  chloride,  and  reduced  agum  from  the  washed  chloride 
by  fusion  with  carbonate  of  calcium, 

539.  The  reduction  of  chloride  of  silver  by  hydrogen  is  the 
ba.^  of  one  of  the  several  determinations  of  the  atomic  weight  of 
idlver ;  and  since  silver  forms  a  large  number  of  anhydrous  salts 
with  acids,  and  has  little  or  no  tendency  to  form  more  than  one 
salt  with  each  acid,  the  silver-salt  is  often  the  best  one  to  prepare 
and  analyze  whenever  the  combining-weight  of  an  acid  is  to  be 
determined.  But  it  is  clear  that  the  accuracy  of  these  determi- 
nations depends  upon  the  accuracy  with  which  the  atomic  weight 
of  silver  is  known ;  hence  extraordinary  pains  have  been  taken 
to  arrive  at  the  true  atomic  weight  of  silver.  It  has  been  found, 
by  the  most  careful  experiment,  by  heating  chloride  of  silver  in 
s  current  of  hydrogen,  that  in  132-856  parts  of  that  compound. 
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100  parts  of  silver  are  united  with  32-856  of  chlorine*  If  the 
atomic  weight  of  chlorine  be  acnopted  as  35'5,  a  simple  propor- 
tion leads  to  the  atomic  weight  of  silver, 

32-856  :  35-5  «  100  :  m  =  10807. 
Amount  of  Gl  At.  Weight  of  CL  Aint,  of  Ag.  At  WritffU  of  ^(ver. 
An  entirely  diflTerent  experiment  veriiies  this  result;  bj  burn- 
ing finelj  divided  silver  in  a  current  of  perfectly  dry  chlorine,  it 
is  proved  that  108  parts  of  silver  combine  with  35*505  of  chlo- 
rine. The  following  round  of  experiment  and  eimpl©  caloulatioEi 
will  iEiistratc  the  manner  in  which  one  atomic  weight  is  derived 
from  another,  and  all  are  verified  by  mutual  comparison.  Chlo- 
rate of  potassium,  when  heated,  gives  off  all  its  oxygen  and 
chloride  of  potassium  remains.  Assuming  that  the  formula  of 
chlorate  of  potiisisium  is  KCIO^  and  that  the  atomic  weight  «f 
oxygen  is  10,  we  derive  the  following  proportion  from  the  fact  of 
experiment  that  100  parts  of  KCIO,  yield  39-209  parts  of  oxygen. 

39-209       :       48     =       60^791        :      x     =     74*4203, 
Amount  of  O.  30.  Ami.  of  KCl.     MoleatJnr  Weujfd  of  KCL 

It  is  another  experimental  fact  that  100  parM  of  chloride  of 
potassium  produce,  when  precipitated  with  nitrate  of  MlvtTt 
192'75  of  chloride  of  silver. 

100      :         192*75     ^      74-4208     :     se     =     143-446, 
Ami.ofKC\.    ^/H/.o/'AgCL    M.WetghtofKCX    MoUculnr  Wt A^Ql 
But  it  has  been  determined,  as  above  stated,  that  132'856  parts 
of  chloride  of  silver  contained  32-856  parts  of  chlorine,  and 
accordingly 

132-856    :       32*856         -=     143-446     :    w     ^     3547B, 
Av^.  of  AgCl.      Amt  o/CL      >/.  WeiylU  of  AgCL      At  Weight  of  CI 


But  if  the  molecular  weight  of  chloride  of  silver  is  .  , 
we  may  deduct  the  atomic  weight  of  chlorine  *  »  « 
and  80  obtain  the  atomio  weight  of  silver;  .  .  •  . 
and  if  the  molecular  weight  of  chloride  of  potassittm  ia 
we  niny  deduct  the  atomic  weight  of  chlorine,  •  .  * 
and  so  obtain  the  atomic  weight  of  potassium    .     •     • 


143'446 
35476 


10r970 
74-4208 
35-476 
389448 

These  numbers  will  be  found  to  be  very  nearly  coincident  with 
I  hose  previously  given  as  the  accepted  atomic  weights  of  them 
throe  very  important  elements. 
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540.  Bromide  and  Iodide  of  Silver  (AgBr  and  Agl)  are  two 

rather  rare  mineralfl,  usually  associated  with  chlonde  of  silver  or 
with  native  silver.  Their  artificial  prq^aration  and  such  of  their 
properties  as  have  present  importance  have  heen  already  allnded 
to  (Exp.  272),  They  are  both  easily  fusible  and  insoluble  in 
water,  but  soluble  in  concentrated  solutions  of  the  bromide  and 
iodide  of  potassium, 

541.  Ct/anide  of  Sihfr  (A^CN)  is  a  white  powder,  insoluble 
in  water  but  soluble  in  ammonia- water,  obtained  by  precipitating 

of  silver  with  a  boIuMo  cyanide  like  thi^  cyanide  of  potiis- 
Cyanide  of  silver  is  soluble  in  fiolutiona  of  the  cyanides  of 
•odium »  potassium f  calcium,  and  other  metals,  forming  double 
cyanides  of  the  formula  MAgC^N^*  When  such  a  solution  is 
subjected  to  the  action  of  a  galvanic  battery,  metallic  silver  is 
deposited  at  the  negative  pole,  in  a  compact,  adherent  layer, 
while  at  the  positive  pole,  where  a  strip  or  plate  of  metallic 
silver  is  placed,  a  quantity  of  the  metal  equal  to  that  which  la 
deposited  at  the  negative  pole  continually  dissolves.  A  solution 
which  contains  ^^  of  its  weight  of  eilver  is  found  to  bo  of  con- 
renient  strength  for  the  ordinary  operations  of  electro-plating. 

542.  Sulphide  of  Silver  (Ag^S). — This  compound  b  a  principal 
ore  of  silver.  The  native  mineral  is  sometimes  crystallized,  in 
cubes  or  octahedrons,  and  sometimes  massive ;  it  has  a  leaden 
lustre  and  color,  and  it  is  so  soft  that  a  knife  will  out  or  a  die 
impress  it;  it  is  fusible,  and  when  roasted  in  the  air  yields 
silver  (which  remains  in  the  metallic  state)  and  sulphui'ous  acid 
(the  product  of  the  combination  of  its  sulphur  with  the  oxygen  of 
the  air),  Tlie  pure  mineral  is  Ycry  easily  recognixed  by  these 
marked  characteristics.  Silver  is  readily  tarnished  by  contact 
with  moist  gaseous  sulpbydric  acid,  or  with  a  solution  of  a  solu- 
ble sulphide ;  this  tamiah  is  the  sulphide  of  silver  (§  533),  The 
sulphide  may  be  artificially  prepared  by  transmitting  a  stream  of 
aulphuretted  hydrogen  through  a  solution  of  a  salt  of  silver, 

£ip,  274 — Place  in  a  test-glass  8  or  10  c,  c,  of  water  to  which  20 
or  30  drops  of  a  solution  of  nitrate  of  silvei^  have  been  added,  and  pass 
through  the  dilute  solution  a  »\ow  stream  of  sulphuretted  hydrogen. 
The  black  precipitate  is  the  sulphide  of  silver. 

Strong  adds,  especiaUy  when  hot,  dissolve  or  decompose  thin 
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sulpliidG.  It  is  not  soluble  in  solutiotia  of  the  sulphides  of  the 
alkali-metals ;  but  by  fusion  it  may  b©  made  to  unite  with  many 
other  sulphides  of  metnls. 

643.  Sulphate  of  Stiver  (Ag^SO^). — When  silver  is  boiled  with 
strong  sulphuric  acid,  the  silver  gradually  dissolves,  and  there  are 
formed  the  sulphate  of  silver,  water,  atiid  sulphurous  add  :■ — 

2Ag  -h  2H,S0,  =  Ag^SO,  -h  2Kfl  +  SO,. 
The  sulphate  is  dissolved  by  the  excess  of  acid,  but  it  is  deposited 
in  great  part  on  the  addition  of  water,  for  it  is  but  slightly 
soluble  in  water.  As  gold  is  not  soluble  in  sulphuric  acid,  smaU 
quantities  of  gold  may  be  separated  from  large  quantities  of  silrer 
or  silver  alloys  by  boiling  the  metal,  finely  granulated,  in  cast- 
iron  vessels  with  oil  of  vitriol ;  silver  and  copper  dissolve,  and  the 
gold  is  left  behind  in  a  fine  powder.  The  solution  of  silver  is 
subsequently  diluted,  and  the  sUver  precipitated  from  the  solntion 
in  the  raetaUio  state  by  means  of  metallic  copper.  (Exp.  207.) 
Old  silver  coin,  containing  not  more  than  -^^^  of  gold,  has  been 
pirofitably  worked  over  by  this  process. 

544.  The  Alkali  Group, — The  metals  which  must  plainly  be 
classed  together  under  this  head  are  sodium,  potassium,  (ammo- 
nium,) lithium,  rubidium,  and  ciesium.  Two  other  metals  are 
better  classed  with  this  group  than  elsewhere  ;  but  their  likeness 
to  the  alkali-inctala  is  but  partial,  and  In  many  respects  their  pre- 
pertiea  are  quite  unlike  those  of  the  six  metals  just  enumerated; 
these  two  metals  are  silver  and  thallium.  The  common  proper- 
ties of  the  alkali-metals  are  mainly  those: — ^they  have  the  lustre 
of  silver,  are  soft,  easily  fusible,  and  volatile  at  high  tempera- 
tures; they  unite  greedily  with  oxygen'  and  decompose  water 
with  facility,  forming  basic  hydrates  which  are  very  caustic  and 
intensely  alkaline  bodies,  not  to  be  decomposed  by  heat :  their 
carbonates,  sulphates,  sulphides,  and  chlorides,  and,  indeed,  the 
vast  majority  of  their  salts,  are  soluble  in  water :  and  each  metal 
forms  but  one  chloride,  one  bromide,  and  one  iodide ;  they  all 
form  basic  oxides,  and  never  an  acid  oxide ;  they  occur  in  nature 
^m  modes  analogous  though  not  the  same ;  their  corresponding 

ilts  are  often,  though  not  always,  isomorphous ;  lastly,  there  is 
;  general,  though  not  absolute,  uniformity  among  the  formulje  of 
the  compounds  into  which  these  elements  enter^  so  tkati  if  a  com* 
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pound  of  H  given  cotnpositioD  is  prored  to  exist  with  on©  of  IllflM 

elements,  the  strong  presumplion  is  that  anulogons  compoirndB 
with  iill  the  other  elements  of  the  group  exist  likewise,  with  pro- 
perties similar  though  not  identical. 

Silver  and  thallium  present,  on  the  whole,  so  few  points  of 
resemblance  to  the  alkaU-metals  that  they  would  not  he  compre- 
hended in  the  same  group  with  them  were  it  not  for  one  consi- 
deration weighty  enough  to  turn  the  balance  when  the  discussion 
of  other  properties  leaves  the  matter  in  doubt.  Sodium,  potaa- 
fiium,  (ammonium,)  litliium, caesium,  rubidium, silver,  and  thallium 
all  replace  hydrogen,  atom  for  at^m.  All  these  elements  are  ex- 
changeable for  hydrogen  and  with  each  other^  atom  for  atom,  and 
in  the  present  state  of  the  science  they  must  be  regarded  as  the  only 
metals  thus  equivalent  to  hydrogen.  The  atom  of  the  elements 
of  the  chlorine  group,  including  fluorine  in  that  designation,  and 
of  the  seven  elements  above  enumerated,  is  exchangeable  for  one 
atom  of  hydrogen ;  it  is  woHh  one  in  exchange,  and  these  ele- 
ments are  therefore  said  to  be  umvalent,  or,  with  less  verbal  pre* 
dsion,  motuitomtc, 

545.  QuanttvaUnee, — ^The  chemical  elements  have  not  all  the 
same  atom-Ju^intj  power ;  thus,  while  an  atom  of  chlorine  combines 
with  only  one  atom  of  hydrogen,  an  atom  of  oxygen  has  the 
power  to  drag  two  atoms  of  hydrogen  into  a  molecule ;  an  atom  of 
nitrogea  holds  three  atoms  of  hydrogen  in  6nn  chemical  combi- 
nation, and  an  atom  of  carbon  four  hydrogen -atoms.  In  all  double 
decomposiduns  an  atom  of  sodium,  potassium,  or  silver  replaces 
one  atom  of  hydrogen,  but  an  atom  of  calcium  or  lead  two  atome 
of  hydrogen  (§  82)*  To  indicate  conveniently  the  atom-fixing 
power  of  each  element  a  sign  is  needed  and  a  name.  The  con- 
ventional sign  is  a  Horn  an  numeral,  or  an  equivalent  number 
of  accents,  placed  above  and  at  the  right  of  the  symbol  of  the 
element,  in  case  its  atom  be  worth  more  than  one  of  hydrogen ; 
and  for  the  name  to  denote  this  atom-fixing  power  of  the  elements 
the  word  "  quantivalenee  "  may  be  used,  or  the  less  descriptive 
word  '*  atomicity."  The  elements  are  called  univahiU,  hiiHtkni, 
irivul€fU,  and  quadrivalent,  or  monatomic^  diatomic ,  triaiomic^  and 
Utratomic,  according  as  their  respective  atoms  are  capable  of  aatu- 
ratings  or  holding  in  firm  chemical  combination,  1,  2,  3,  or  4 
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atoms  of  hjdrogtn.  Tlm.^,  while  the  simple  Bymbols  CI,  Br,  K, 
Ag  indicate  that  chlorine,  bromme,  potassium,  and  silver  are 
univalent^  the  symbols  of  nitrogen,  antimony,  and  other  IriTulcnt 
cJcmeuts  mny  be  written  N'",  Sb",  itc.  In  the  same  way  the 
symbols  0"  tmd  Ca"  indicate  that  oxygen  and  calcium  aru  biva- 
lent, and  the  symbol  C""  shows  that  carbon  is  quadrivalent. 

The  qimnti valence  of  many  of  the  elements  is  not  yet  deter- 
mined with  certainty;  but  the  classification  into  groups  of  tb« 
elements  we  have  thus  fur  studied  rests  upon  the  quiintivaletjoe 
ef  the  elements,  as  well  as  upon  the  other  chemical  resemblancesi 
which  have  been  dwelt  upon  in  connexion  with  each  group.  Tho 
elements  of  tbe  chlorine -group  and  the  alkah -group  are  univalent: 
the  elements  of  the  sulphur-g^oup  and  the  mjjjority  of  the  metals, 
hereafter  to  be  studied,  are  bivalent;  the  elements  of  tbe  nitro- 
gen-grotip  are  trivalent,  and  of  the  carbon-group  quadrivalent. 

It  must  not  be  supposed  that  the  atom-fixinj2^  power  of  the  e\^ 
mentary  bodies  is,  under  all  circumstances,  and  in  all  compounds, 
invariably  exerted  to  the  fullest  extent.  Were  tbe  com  bine  tion 
of  the  elements  govenied  by  any  such  law  as  this,  it  would  evi- 
dently bo  impossible  for  any  two  elements  to  unito  in  more  than 
one  proportion*  Thus  trivalent  nitrogen  and  ^bivalent  oxygen 
could  only  combine  in  tbe  proportions  represented  by  the  formulii 
^J'^*"*  proportions  which  completely  satisfy  the  atom-fixing 
power  of  both  elements.  But  we  know  that  these  two  clrmeuta 
actually  form  no  less  than  five  different  compounds  (§§  75*  76), 
of  which  only  one  is  marked  by  tbe  complete  equilibrium  of  the 
two  elements;  and  this  one  is  bjno  means  the  most  stable  mem- 
ber of  the  series  ;  on  the  contrary,  it  is  about  the  most  iinstiible. 
The  Btndent  must  not  imagine  tbat  a  bivalent  ekment  has  twice 
as  strong  aflinities  as  a  univalent  element ;  tbe  atora-fixirg  power 
of  an  element  is  ao  test  or  index  of  the  avidity  with  wbieh  It 
Becks  combination.  Chlorine,  which  holds  but  one  atom  of  hy- 
drogen, is  competent  to  decompose  sulphuretted  hydrogen,  ammo- 
nia, and  marsh -^as,  although  hulphur  unites  by  prerercncc  with 
two,  nitrogen  with  three,  and  carbon  with  four  a  tomb  of  h^djognu. 
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54  G.  This  metal  is  a  coTistitnent  of  several  of  the  conimonest 
and  most  important  minerals ;  it  forma  a  very  considcmblc  portion 
(perhaps  as  much  as  one- sixteenth)  of  the  f»oIid  crust  of  the 
earth.  Before  considering  the  properties  of  the  metal  itself,  let 
us  examine  some  of  its  familiar  compounds. 

547.  Carbonate  of  Cukium  (CaCO^)  occurs  in  nature  in  many 
different  forms,  called  by  a  great  variety  of  names,  amoog  which 
mny  he  mentioned  Uraestone,  chalk.  marUe,  calc-apar,  and  coral. 
There  are  whole  ranges  of  mountains  composed  almost  entirely 
of  limestone,  while  m  many  extensive  tracts  of  countiy  tlie  soil  is 
calcareoiis  and  reposes  upon  limestone  rocks.  The  shells  of  sheU- 
fish  are  almost  entirely  composed  of  it,  and  it  is  an  important 
eonstituent  of  dolomite,  marl,  and  many  other  rocks  and  miuerals. 
It  u  formed  aiiifidally,  as  has  been  seen  (Exp.  168),  when  car- 
bonic acid  ia  brought  into  contact  with  lime-wuter ;  bat  it  is 
noteworthy  that  carbonic  acid  will  not  onite  with  the  anhydroua 
oxide  of  calcium  (quitklime), 

Cai'bonate  of  cfdcium,  though  tasteless,  is  slightly  soluble  in 
water,  and  the  solution  exliibits  a  faint  alkaline  reaction ;  it 
is.  however,  rather  freely  soluble  in  water  charged  with  carbonie 
acid  (§  403). 

£jj9.  27o, — Pi  tee  in  a  test-tube  20  or  SO  drops  of  line- water,  and 
aa  much  pure  water;  iiumer:?^  in  the  mixture  tti^  dt?livfry-tiibe  of  a 
iKJttle  from  which  carbonic  sdd  p^as  is  being  evoJved  (Exp.  171 ).  Car* 
boiMite  of  cslcium  will  be  thrown  down  at  first  ^  but  after  a  whiUj^  as 
the  watt»r  in  the  tebt-tube  becouK'S  saturated  with  carbonic  acid,  the 
predpitated  rnrbonnte  will  rvdlssoWe,  and  there  will  be  obtained  a 
perfectly  cltar  solution,  which»  in  spite  of  the  large  proportion  nf  car- 
bonic acid  coutaint'd  in  it,  has  a  decided  alkaliue  n.<aetion*  IW  Wiling 
the  solution,  Bo  that  a  portion  of  its  carbonic  acid  may  be  expellt*d«  the 
carboaata  of  calcium  can  ba  again  precipitated.    So,  too,  if  ilie  liq^uid 
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bo  left  exposed  to  the  ftir,  it  will  grndunllv  pive  off  cdrhonic  i 
l>pt*ome  turbid  Irom  deposition  of  carbon nte  of  oalriutu* 

The  phenomena  illoAtrated  in  this  experiment  often  occur  in  nuttuo. 
In  many  di/^tricts  where  limestone  is  abmid^mt,  tbt?  well-  and  nyet- 
watere  are  highly  charj^ed  with  carbonate  of  calcium  held  di^^oJred  by 
carbonic  add ;  the  water  is  tlms  made  **  hard  "  (^ee  §  -500),  and  is,  com- 
paratively ffpeaking,  unfit  inr  washing  and  for  many  other  pnrpa?**^ 
When  employed  as  a  aource  of  gteam-power,  such  waters  deptiivit  cms 
bonato  of  calcium  as  an  incrustation  upn  the  side*  of  the  boiler*  n» 
fast  as  the  excesa  of  carbonic  acid  h  expelled  by  boiling.  This*  9cali% 
or  incrustBtion^  forms  a  nioro  or  leas  coherent  coating  upon  the  inner 
flurfaeo  of  the  boiler,  and^beipjr  a  very  poor  conductor  of  heat,  it  ;i5Tcatly 
iuterferea  wMtii  the  heating  of  the  water;  the  a^-ak^  keeps  the  water 
away  from  the  iron  ^ides  of  the  bailor,  nnd  the  metal,  being  thus  un* 
duly  heated,  is  rapidly  oxidized,  or  '*  burnt  out/'  as  the  firemAO  cor* 
rectly  statt^a  it.  , 

The  formation  of  calcareous  petrifactiona,  of  fitalactitea  and  stiilag- 
miteSj  of  the  stt>ne9  called  tufa  and  travertine,  and  of  many  depouils  of 
crystallized  carbonate  of  cnlciumy  is  directly  referable  to  the  c*cop«s  of 
ca-rbonic  acid  troin  calcareous  waters.  Whenever  water»  chargi?d  witJi 
carbonato  of  calcium,  flowa  out  from  the  earth  into  the  open  air,  or 
toickles  into  hollows  or  caverns  within  the  earth,  carbonic  acid  is  iriven 
oif  in  the  gaseous  state,  and  carbonate  of  calcium  la  deposited.  Stalac- 
titea  are  the  pendent  ■nia!5,^es,  like  iciclesi  which  hang  from  the  nx>f*  of 
caveniAaud  the  walls  of  cellars^  bridges,  and  like  covered  way9 ;  stali^* 
mites  are  tlie  opposite  uiassea  which  grow  up  out  of  the  drops  of  water 
which  (all  from  the  stalactites  above  them,  before  all  the  dis^ilvitd 
carbonate  has  been  deposited*  The  waters  of  aome  mint'ral  npnng* 
ftre  80  highly  chai-ged  with  carbonate  of  calcium,  that^  on  being  expo^ed 
to  the  air,  they  quickly  depoiiil  a  considerable  quantity  of  it  upon  any 
ioHd  substance  with  which  they  come  in  contact.  In  case  such  wateti 
flow  over  pieces  of  wood  or  t)ther  organic  matter,  the  form  of  the  wood 
will  be  pre^ened  in  the  cast  or  *'  petrifaction/'  long  after  the  wood 
itaelf  has  decayed  and  disappeared.  Where  such  deposits  are  formed 
upon  a  scale  so  large  as  to  he  of  gindogical  importance,  as  is  the  eaiM 
in  aome  of  the  volcamc  dif*trict^  of  Italy^  the  rock  formed  ia  called  tula 
when  porous,  and  travertine  if  compact. 

548.  Carbonate  of  calcium  dissolvea  also  in  aqneoua  itolutioiis 
of  several  of  the  salta  of  ammonium,  such  aa  the  chloride,  nitrate, 
and  sulphate,  rspecially  if  it  has  only  recently  been  prccipitatwl 
and  is  still  moist  and  in  coherent* 

£sp,  2/6.— Through  2  or  JJ  c*  c.  of  lime-water,  contained  in  a  test- 
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lttl>e,  blow,  by  means  oi  a  glnas  tube,  a  quantity  of  air  ufom  ihe  lanjrs ; 
to  tbe  miJky  liquid  obtained^  add,  drop  by  divp,  a  cold,  saturntod 
aqueous  »olution  oicliloride  of  ammonium,  until  the  clnudiueAs  id  tbo 
lime-water  lias  disappeaied — that  ig,  until  the  carbonate  rf  calt^iuuj 
has  all  been  dissolved. 

Hvp,  211, — Place  a  drop  or  two  ol  a  solution  of  clilorido  of  calcium 
in  a  test-tube,  pour  upon  it  several  drops  of  a  strong  solution  of  chLi* 
ridu  o«  ammooium ;  shake  the  mixture,  and  then  add  to  it  a  hw  drops 
of  a  solution  of  coi'bonate  of  ammonium,  and  aUo  a  few  drops  of  am- 
moma<watir.  Ii  enough  chloride  of  ammonium  has  been  added  to  the 
liquid,  no  precipitate  will  be  formed  in  it,  though,  in  the  absenrn  of 
chloride  Oi  ammonium,  a  precipitate  wiU  at  once  be  prodticed  on  mix- 
ing the  other  ingiedienta.  A  precipitate  may,  howe\*er|  always  be  ob- 
tained by  bc»ilinji"  the  mixed  flolutious,  unless  a  large  excess  of  chloride 
of  ammoaium  be  present,  or  unless  the  chloride-oi-calcium  solution  be 
Tery  diluk% 

By  rcpL»ttting'  this  experiment  under  varied  conditions,  talcing  note, 
in  each  ca^e,  of  the  number  of  dropa  of  the  solutions  of  chloride  of  am- 
monium, chloride  of  calcium,  and  oi  water  employed,  and  methodically 
racreuaing-  or  diminishing  each  of  these,  the  student  will  quickly  per- 
ceive the  real  significance  of  the  sulvout  power  of  the  ammoniacal  salt, 
and  will  appreciate  the  fact  that,  in  teslini,^  for  ^mall  quautities  of 
either  lime  or  carbonic  acid,  it  is  necessary  ior  the  analyst  to  exclude 

Rmoiiiutu-^alta  iiom  his  soluiiou^  a*  lar  as  may  be  practicable. 
I'hea  bnUed  with  solutions  of  the  salts  of  ammonium  (with  cho- 
f  ammonium  for  example),  carbonate  of  calcium  is  rapidly  de- 
ed and  diftsoh  ed,  carbonate  of  ammonium  bein^  given  off,  while 
tbe  chlurido  (or  some  other  salt)  of  calcium  remains  in  solution. 

54l>,  Cirbonate  of  calcium  is  remarkable  not  only  for  tho  very 
It  diversity  of  external  appearance  which  \&  presented  by  ita 
•cveral  mfii^ive  and  amorphous  varieties,  but  it  is  likewise  found 
in  a  greater  variety  of  regular  crystalline  forms  than  any  other 
rabstanec;  more  than  150  native  varieties  of  it  have  been  observed 
by  mineralojnsts.  As  calc-spar,  it  occurs  in  rhombohedrons  and 
other  derivative  forms  of  the  sixth  or  hexagonal  system  (§191); 
but  it  is  found  also  as  the  mineral  orragouite,  in  forms  of  tho 
trimetric  system,  and  is  consequently  dimorphous. 

The  two  forms  of  carbonate  of  calcium,  calc-spar  and  arra- 
gonit^,  present  many  difteronces  in  their  physical  properties. 
Borae  specimens  of  oalc-spar,  chilled  Iceland  spar,  arc  [lorfcctly 
transpareut  and  coloxlcssj  and  exhibit  to  a  remarkable  degree  the 
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jilipnomena  of  douhlc  refrnclion.  Transparent  crystals  of  arrs- 
gonitc  exhibit  also  tha  phenomena  of  double  refraction ;  but  iimi- 
gonito  has  two  axes  of  double  rcfrnction,  calc-spar  only  one. 
Crystals  of  calc-spar  arc  cleavablc  parallel  to  the  faces  of  th« 
rhombohedron  which  is  the  primary  form  of  the  miiterul,  aod 
masflcs  of  it  muy  often  be  broken  up  into  more  or  less  perfect 
rhotnbohcdrons,  Arragonite,  on  the  contniry,  presents  two  direc- 
tions of  distinct  clearage,  parallel  to  the  faces  of  a  right  rhombic 
prism*  The  fractures  of  the  t\vo  minerals  are  therefore  quite  un- 
like. The  specilic  j4:ravily  of  calc-spf\r  ranges  from  2*7  to  215, 
wliilo  the  specific  gravity  of  arra<jonito  is  generally  between  2-9 
and  3-3.  Arragonite  is  considerably  harder  than  calc-spar,  but 
its  fipecific  heat  (0'1966)  is  less.  When  carbonate  of  calcium 
crystiillixes  from  hot  solutions  it  takes  the  form  of  arragonite,  but 
from  cold  solutions  it  crystallizes  as  calc-spar«  In  like  maimer 
the  precipitate  formed  by  mixing  boiling  solutions  of  chloride  of 
calcium  and  carbonate  of  ammonium  is  seen  nnder  the  microscopo 
to  consist  of  acicnlar  crystals  of  arragonite,  while  the  precipitate 
obtained  from  cold  solutions  of  the  same  salts  ia  amorphous.  In 
either  case,  however,  if  the  nooist  precipitate  be  left  to  itself  for 
Bome  time  in  the  cold,  it  will  gradually  assume  the  rhombohedral 
form  of  calc'Spur,  no  matter  whether  it  was  at  first  aciculor  or 
amorphous. 

In  all  its  varieties  carbonate  of  calcium  is  readily  attacked  by 
acids,  even  if  they  be  dilute ;  the  action  is  attended  with  effer- 
vescence, omng  to  the  expulsion  of  carbonic  acid  and  the  escape 
of  this  gas  through  the  liquid  : — 

CaO,C03  -h  2HC1  =  Caa,  +  CO,  +  H,0. 
limestone  ia  readily  distinguiislied  by  this  reaction  from  other 
roclvfl. 

550.  0,vide  of  Cahium  (CaO). — On  being  heated,  carbonate  of 
calcium  begins  to  give  off  carbonic  acid  at  a  low  red  heat,  as  haa 
bean  seen  in  Exp,  170,  and  at  full  redness  is  completely  reardved 
into  oxide  of  calcium,  commonly  called  quicklime,  and  carbouio 
acid. 

Exp.  278.— Place  a  small  fragment  of  marble  upon  a  piece  ot  chaa^ 
coal  find  hvat  it  alroDgly  in  tlio  blowp]|ie4bvmtf  during  several  miuutci. 
Or  throw  a  lump  of  limetitoae  upon  an  anthracite  ixre,  and  leuve  it  th^.-ra 
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for  balf  an  hour  or  more.  In  either  cAse,  it  will  be  fnirmd,  npon  <»''f- 
minalion^  that  the  calcined  product  has  lost  the  "property  of  etferres- 
cin^  with  acid^;  that  it  wi^ig-ha  itisa  than  the  originul  limestone,  and 

1 1  hilt  it  exhibits  a  distinct  alkaline  reaction  when  placed  on  wet  teat^ 

I  paper. 

Por  use  la  the  arts,  limestone  ia  bnrned  in  epecial  furnaces,  of 

IpiM^ulinr  constniction,  called  limc^kilns,  some  of  which   are  so 

arranged  that  they  may  be  kept  in  operation  for  years  without 

I  intormtssion.      When   carbonate   of  calcium,   instead   of  being 

heated  merely  in  quiescent  air^  is  heated  in  a  current  of  air,  or 

of  any  other  gas,  such  as  steam  for  example,  it  will  give  off  all 

its  carbonic  acid  very  easily.     It  has  been  found  in  practice  that 

t  limestone  fresh  from  the  quarry  can  be  more  readily  burned  than 

I  that  which  has  been  long  dug  out  of  the  ground  and  has  so  lo«l 

[its  natural  moisture  ;  in  damp  weather,  moreover,  the  burning  is 

>  eaid  to  go  on  more  satisfactorily  than  when  the  atmosphere  18 

dry.     If  carbon ftte  of  calcium  be  ignited  in  a  tube  of  iron,  or  other 

metal,  closed  hermetically,  so  that  no  carbonic  acid  can  escape 

I  from  the  tube,  the  carbonate  di3eng:ages  carbonic  acid  until  the 

pressure  of  the  confined  gas  becomes  so  great  as  to  arrest  the 

further  decomposition  of  the  carbonate.     Under  these  conditions, 

the  temperature  may  be  nused  high  enough  to  fuse  the  undecom- 

posed  carbonate ;  the  cooled  mass  often  presents  the  appearanoo 

I  of  fine-grained  marble.     If  the  tube  in  which  the  experiment  has 

I  been  performed  be  very  slowly  cooled,  the  carbonic  add  will  be 

[  reabsorbed. 

Of  the  anhydrous  oxide  of  calcium  little  need  here  be  said.  It 
ia  infusible  at  the  most  intense  heat  at  present  at  our  command, 
and  is  therefore  used  for  making  crucibles  in  which  the  most  re- 
^  fractory  metals  are  melted  by  the  aid  of  the  compound  blowpipe. 
It  has  no  power  to  unite  with  dry  carbonic  acid  at  ordinary  tem- 
peratures, but  when  exposed  at  very  high  temperatures  to  an 
atmosphere  of  carbonic  acid  possessing  a  certain  tension,  some  of 
'  the  gas  is  absorbed.  It  unites  with  water  very  energetically,  and 
the  product  of  this  union  combines  readily  with  carbonic  acid* 
When  lumps  of  quieklime  are  exposed  to  the  air  they  slowly 
absorb  both  water  and  carbonic  acid,  and  after  a  while  fall  to 
powder.     This  powder  is  known  as  air-dahed  lime ;  its  oompoai- 
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tioa  ina)?  be  repirsented  by  the  formula  CaHj^O^jCaCO^,  or^  diiJilin- 
tic,  CaO,CO^ :  CaO^H^. 

551*  Jhjdtate  af  Calcium  (CaHpj. — When  water  is  bronzbt 
into  contact  with  oxide  of  csxlcium,  tlie  latter  swells  up  and  falls  to 
powder ;  a  large  amount  of  heat  is  evolved*  and  thero  is  obtn^if^cl 
a  compound  of  euleium,  hydrogen,  and  oxygen,  commonly  caiUed 
fiJakcd  lime^  or  in  chemical  language  hydrate  of  calcium ; — 

CaO  +  np  =  CuH/J,,  _ 

Ktp.  279. — Place  a  lump  of  recently  burued  quicklime*  weigh 
about  &}  ginis.,  upon  a  Imge  earthen  plat« ;  pour  upon  the  lime  i 
15  or  20  c,  c,  of  wftttr*  and  observe  how  much  the  lime  increimea  in 
bulk  aa  it  is  cnn  vtrted  into  hydrate  of  caleium.  The  heat  of  the  mnM 
may  be  shown  by  thrusting  an  ordinary  friction-match  into  the  midilts 
of  it;  or,  in  case  b  considerable  quantity  of  quicklime  has  been  ctn* 
ployed,  by  excavatiuflr  a  ainall  hole  in  the  dry  powder  and  thmwln^  tn 
a  few  ^ains  of  gunpowder^  inflammation  will  ensue  in  both  cii»fl«. 
That  much  heat  is  evolved,  may  be  shown  also  by  coverin;j  the  rnoia- 
tened  quicklinie  with  a  not  too  tall  invt^rttjd  buaker  ln^^  or  boltlt^^  and 
observing  that^  alter  a  considerable  amoimt  of  aqu^oufj  vapor  has  be#n 
condensed  upon  the  walls  of  the  glass,  the  Ppae©  within  the  latter  will 
tit  last  become  tilled  with  a  hot,  invisible  almoj^phere  of  steam  ;  when 
the  bottle  is  lifted,  and  the  steam  thus  brou;^ht  into  contojct  with  tha 
eold  external  air,  a  dense  cloud  or  fo^  is  immediately  formed. 

So  much  ht?at  is  developed  during  the  imion  of  water  with  lime,  that 
wood  will  quickly  be  brou;4:ht  to  the  kindling- temperature  and  inflamrdp 
if  it  happen  to  be  in  contact  with  large  nias^^ea  of  ihcBe  aubstanens  it>- 
acting  upon  one  anotber.  Fires  are  very  frequpntly  oroit-iioned  by  iho 
it£ceS9  of  water  to  ships  or  warehouses  in  which  quicklime  U  xtored* 
It  has  been  noticed,  whea  large  quantities  of  quicklime  are  flaked  ia 
a  dark  pkce,  that  light  as  well  aa  heat  ia  evolved  from  the  lime.  Even 
when  quicklime  is  brought  into  contact  with  ice, so  mueli  heat  is  evolved 
that  the  mixture  sometimes  becomes  hot  enough  to  boll  water. 

552.  When  hydrate  of  calcmra  is  stiired  into  water,  there  h 
formed  not  only  a  tnio  eolution,  lime- water,  which  may  bo  ub- 
tained  clear  and  colorless  by  filtration  (See  Kxp,  168),  but  also 
n  turbid  liqtior  consisting  of  particlea  of  solid  hydrate  of  calciuin 
diffiised  through  the  litnc-watcr ;  this  liquor  h  known  as  mi71*  or 
cream  oflime^  ac^^ording  to  its  consistency.  In  slaking  lime,  only 
about  half  a  part  of  water  is  really  needed  to  couvfrt  one  [mrt  of 
quicklime  into  hydrates  of  calcium ;  but  in  all  cases  wheru  a  tiiio^ 
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smooth  paste  is  desired^  oa  in  the  preparation  of  milk  of  liroe, 
or  of  mortar,  and  in  general  whenever  hydrate  of  calcium  is 
required  in  a  Teiy  finely  divided  conditioiii  it  is  best  to  pour  two 
or  three  parts  by  weight  of  water  upon  one  part  of  quicklirae, 
80  that  the  slaking  may  bo  quickly  eflectcd.  By  using  hot  water 
the  process  may  be  still  further  accelerated*  The  proportiani 
of  matf  nal  given  at  the  beginning  of  Exp,  279  are  better  adapted 
than  these  last  for  illustrating  the  evolution  of  heat;  but  if 
too  little  water  be  employed,  the  hydrate  of  calcium  formed  ia 
liable  to  be  granular  and  erystalline  rather  than  powdery.  Both 
milk  of  lime  and  dry  powdery  hydrate  of  calcium  are  largely 
employed  for  purifying  the  illuminating  gaa  made  from  coaL 
They  remove  from  the  gas  Eulphydric  and  carbonic  acida, 

iSr/j.  280. — Provide  two  gas-bottlea,  one  arranged  for  geoeratiug 
sulphydric  acid  (Exp.  80),  the  other  for  generating  carbonic  arid 
(Kjtp*  171),  Connect  with  one  of  the  gas-bottles  a  tube  tilled  loosely 
with  dry  hydrate  of  calcium  (AppendijK,  Fig.  15}^  and  with  th&  other 
a  small  boltle  containing  milk  of  lime.  Pour  chlorhydrie  acid  into 
the  gas-bottlcfl,  so  that  giilpbydric  and  carbonic  acids  shall  be  freely 
evolvt^d^  and  test,  from  time  to  lime,  with  l**ad-p«per  (Exp,  00 )»  and 
with  lime-waler  (Kxp.  170),  as  to  whether  the^e  acids  are  conipk'tely 
absorbed  by  the  dry  hydmte  of  calcium  and  the  milk  of  lime.  After  a 
while,  chaiigie  the  places  of  the  absorbing  tube  and  bottle,  so  that  the 
of  limti  s.hall  now  be  where  the  dry  hydrate  was  befort*,  and  agjiin 
the  etheiency  of  the  absorption,  with  lead-paper  and  lime-water. 
In  actual  practice  it  is  found  that,  while  the  dr)'  hydrate  is  a  more 
ellicient  absorbent  uf  carbonic  acid  than  milk  of  lime,  the  latter  ia 
capable  of  taking  up  far  more  sulphydric  acid  than  the  former, 

553,  Hydrate  of  cultiuni  may  be  obtained  crystallized,  in  hex- 
agonal prisms,  by  evaporating  lime-water  in  the  dry  exhausted 
receiver  of  as  a  r-pump.     At  a  red  heat  it  gives  off  its  water, 
is  reconverted  iuto  quicklime.     The  resrldue  in  this  case  is 
in  an  open,  porous  condition  which  woU  fits  it  for  many 
oheraicul  purpofees  (see  §  120). 

It  is  noteworthy  that  hydrate  of  calcium  is  somewhat  lese 
soluble  in  hot  thsin  in  c^ild  water*  If  a  cold,  saturated  solution 
of  U me- water  be  boiled,  nearly  half  of  its  solid  contents  will  be 
deposited;  and  in  case  none  uf  tlio  water  has  been  driven  off,  the 
matter  thus  precipitated  will  slowly  dissolve  again  after  the  liquid 
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above  it  has  become  cold.  In  studying  this  point,  the  ex|ieri 
meater  must  take  caro  that  tho  solution  Ls  kejit  out  of  contict 
with  the  air,  Jest  it  absorb  some  of  the  carbonic  aciJ  vvbirb  t« 
always  present  in  tho  atmosphere,  and  become  turbid  from  dcpr>- 
sition  of  carbonate  of  calcium.  A  familiar  iniitance  of  this  absorp- 
tion is  seen  in  cases  where  milk  of  lime  is  employed  for  wbite* 
wasbing:  the  loosely  aJhorent  white  coating,  loft  fifter  the  bquid 
has  beromc  thoroughly  dry,  i»  no  longer  hydrate  of  ealeiumj  but 
carbonate  of  eakium  in  a  more  or  less  pure  condition^ 

554,  Slaked  lime  is  very  largely  employed  for  making  mortar, 
as  an  ingredient  of  varioua  cements,  and  for  plastoring.  When 
mixed  wiih  enough  water  to  form  a  tbiik  paste,  it  ia  decidedly 
plastic,  and  admits  of  being  spread  and  moulded  like  wax  or  day, 
Thh  paste  sets^  af*  it  dries,  to  a  firm,  solid  mrvsa,  which,  when  in 
thin  layers,  adheres  firmly  to  any  rou^^h  surfaces  upon  which  tt 
may  havo  hardened.  When,  bowerer,  any  considerable  mafs  of 
the  moist  pasle  is  allowed  to  solidify  hy  itself,  the  dry  product 
will  gradually  crack  and  fall  to  pieces.  Lime- paste  cannot^  thero- 
fore,  be  employed  as  a  mortar  unless  it  be  mixed  with  some  sub- 
fttanci*  like  sand,  which  shall  present  numerous  surfaces  upon 
Ihich  the  hardened  product  may  adhere;  by  the  addition  of  sand* 
ftoreoTcr,  tho  moist  limo  is  prevented  from  shrinking  too  muob 
OS  it  becomes  dry, 

^lurtar  k  commonly  prepared  by  mixing  1  part  of  quirklirac 
with  water  enough  to  form  a  thin  paste,  then  adding  3  or  4  jiarta 
of  coarse,  sharp  sand,  and  thoroughly  incorporating  these  ingre- 
dients. The  paste  thus  obtfiined  is  applied  as  a  thin  layer  to  the 
moistened  surfaces  of  the  bricks  or  stones  to  be  unitetl  The 
pasty  moi-tar  soon  sets  to  the  bard  mass  above  described,  and,  on 
continued  exposure  to  the  air,  it  slowly  absorbs  carbonic  acid  at 
its  surface,  and  is  there  converted  into  a  compact  oora pound  rf 
hydrate  and  carbonate  of  cnlciura.  The  stono-like  ma^**  thus  ob- 
tuined  bind^  firmly  to4:ether  the  bricks  or  stones  between  which 
it  ho9  been  interposed.  It  has  been  asserted  that  the  origiuid 
mortar-paste  sets  more  firmly  if  it  contain  a  certain  admixture  ot 
earbonrite  of  ctdcium.  than  if  it  eontaiu  only  the  pure  hydrate; 
tbis  admixture  h,  of  course,  produced  when  mortar  is  left  fof 
name  timo  in  contact  with  the  air  beforo  being  used*     In  tha 
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course  of  time  chemical  oombmatlon  occurs,  to  a  limited  exioQt» 
botwceQ  the  silioio  acid  of  the  sand  and  the  oxide  of  calcium  in 
hardened  mortar,  though  the  process  goes  on  but  slowly; 
grain  of  sand  dually  becomes  covered  with  a  thin  layer  of 
hyd rated  silicate  of  caloinm,  which  contributes  materially  to  the 
solidity  of  the  mortar^  The  mortar  taken  from  old  building 
yields  a  certain  pmportion  of  gelatinous  silica  on  being  treated 
with  chlorhydric  acid  (§  466). 

The  conversion  of  the  original  mortar  into  hydrocarbonate  and 
silicate  of  calcium  is  never  completely  accomplished ;  in  the  cen- 
tral portions  of  the  mass,  free  hydrate  of  calcium  will  still  bo 
found  after  the  lapse  of  many  ccJituries.  Samples  of  mortar,  re- 
cently taken  fiom  the  Great  Pynimid,  were  found  on  analysis 
to  contain  a  large  proportion  of  the  free  hydrate. 

555.  The  pla^tenn^  used  for  finishing  the  walls  and  ceilings  of 
rooms  is  mortar  to  which  a  qimntity  of  hair  has  been  added  to 
increase  its  tenacity ;  in  drying,  it  is,  of  course,  subject  to  the 
same  chemical  changes  as  ordinary  mortar*  By  absorbing  car- 
bonic acid  fi*om  the  air,  it  is  gradually  converted,  in  part,  into 
carbonate  of  calcium,  while  water  is  set  free : — 

CaO,H,0   +  CO,  «  CaO.CO,  +  H,0. 

Consequently  the  walls  of  recently  plastered  rooms  cannot  become 
permanently  diy,  until  enough  carbonic  acid  has  been  absorbed 
to  expel  the  chemically  combined  water  from  their  outside  sur- 
faces ;  hence  the  dutnpness  so  often  perceived  in  new  houses, 
when  carbonic  acid  first  comes  to  be  freely  generated  in  them  by 
respiration  and  by  burning  lamps.  In  order  to  dry  plastering,  it 
would,  doubtless,  be  better  to  employ  open  fires  of  charcoal,  or  of 
coke,  and  to  deliver  the  products  of  the  combustion  directly  into 
the  room  which  is  to  be  dried,  instead  of  relying  solely  upon  hot 
Air,  as  ia(  now  usunl. 

650.  Hydrate  of  calcium,  like  the  hydrates  of  sodium  and  of 
potassium,  exhibits  a  strong  alkaline  reaction  when  tested  with 
moistened  litmus-pn|>er,  and  exerts  a  corrosive  action  upon  most 
ic  6uh&t*ince£»;  beuce  it  ia  often  called  cmtiiic  Umt* 

TtK  2>?1,— Add  a  few  drops  of  water  to  a  mnall  quantity  of  dry 
I  hyrliute  of  cnkiam^  and  rub  it  to  a  paste  betvrtfcn  the  fingers.     It  will 
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bo  fill  thnt  the  allmli  acts  upon  tlie  skin;  a  little  of  the  oaticle  i^ 
ivaliy  tllssolved. 

Krp.  28i\ — Wi-ap  a  haiidful  of  dry  hydrate  oi  caleiQin  in  a  pflpef, 
or.  belter,  in  a  piece  oi  licen  or  cotton  cloth,  and  aot  the  pjU'kct 
aside  for  ii  week  or  two.  After  a  while,  the  cloth  orpiptr  wilj  Wcoiut< 
rotten  nnd  friable:  the  caustic  lime,  oa  the  common  phiasf?  ii,  hat  cairn 
away  their  more  coiTuptible  portions,  and  hits  so  destroyed  tUt  intt* 
j^rity  of  I  be  whole.  As  a  piiiliminary  operation  in  laiming  Icalbt^* 
hid  Barp  doaked  in  milk  of  lime  to  loosen  ibtj  hair,  so  ihat  it  mar  b« 
readily  Acraped  otJ*  *  The  v^ilue  of  liiiu%  m  an  ingredient  of  compoiris 
to  be  used  m  manure,  appears  to  depend,  iu  great  measure,  upon  it» 
power  of  hastening'  the  decay  and  disintegration  of  organic  matter. 

Lime  h\ii<  hvvw  fcuinl  to  be  specially  valuable  as  manure  when  tp- 
plied  t-i  auib  rich  iu  vep^etnble  niattei'*  The  organic  matters  are  d<?- 
canipnsed  or  oxidi/ed  into  carboDic  and  various  other  orjr.tnic  acidfi, 
which  unite  with  the  lime;  sometimes,  under  special  conditions,  mon 
or  less  nitrate  of  calcium  is  ibiind  among  the  products 

Limois  important,  aleo,  from  being  aotonly  tho  cheapest  alka&i 
but  the  cheapest  of  all  the  bases.  Since  its  compounds  with  etl^ 
bonic  and  bulphmic  acids  are  nearly  insoluble  in  water,  it  u 
largely  employed  for  removing  tliese  acids  from  solutions  in  which 
tlieir  presence  is  not  desired  ;  it  muy  itself  be  removed  irom^aoy 
BoluliDU  by  moans  of  the  acids  in  question.  It  ifl  used  in  the 
munufacturo  of  the  cauBtic  alkalios  (soda  and  potash),  oi  ammouia- 
wator  and  of  bloacbing-powdcrs,  as  a  titix  iu  many  metUlof- 
gicttl  operations,  in  the  refining  of  sugar,  for  preparing  a  lium 
soap  in  tho  manufacture  of  stoarine  caudles,  and  Jur  numberle«a 
other  purposes.  A  noteworthy  property  of  slaked  linio  ia  it» 
power  of  dissolving  freely  in  solutions  of  common  sugar. 

537.  Svlphtdn  of  Cthutm  (CaSOj  is  found  native  in  large 
quantities,  as  the  minerals  gyft$uin  i^nd  ahibaster^  These?  minfi'- 
rals  contain  one-tifth  their  weight  of  water;  their  compoE^itioa 
may  ho  reprc.si  nted  by  the  formulii  Ca80^  -f  2H/),  1'ho  «(ifne 
hyd rated  salt  may  be  obtained  by  adding  sulphunc  ai*id«  or  tlu» 
FobUiori  of  some  sulphate,  to  a  strong  aqueous  holution  of  almost 
any  of  the  salts  of  ciUcium*  This  hydrated  compound  is  fhc  sub- 
stance commonly  meant  when  sidphate  of  caloiuiu  is  spoken  ot 
Tiie  anhydrous  compound  is  also  itnportnnt:  it  is  ^kuuietiifici 
Ibund  iu  uatujro  aa  tho  mineral  aitJit/dt-iU,  and  maj  bo  rcadilj 
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prepared  by  heating  tbe  hjrdrated  salt,  There  is  stfll  a  third 
compound,  tho  com|>ositiou  of  which  may  be  represented  by  tho 
foriBula  iiCaSO^  -h  H^O,  of  which,  however,  but  little  is  known. 

.Erv.  283. — Pbice  in  a  porcelain  eYapomting-diah,  or,  better,  tn  an 
iron  pan,  t^vo  tublespoonfula  of  powderwi  gypsura ;  heat  the  gyj^' 
Bx\m  moderntelv  over  the  tJAme  of  tbe  ^fta -lamp,  and  ob*c*rve  the  move- 
ment of  ebullition  occasioned  by  the  t'scapinjyr  water;  stir  the  mixture 
a$  long  as  the  vapor  of  water  is  seen  to  escape,  and  then  set  the  resiidiie 
a^ide  to  cool.  The  dry  product  ia  known  as  calcii^ed  ff^paum  or  platiUr 
fjf  Paris. 

Afl  much  fis  nine-tenths  of  the  water  which  the  or>*p^iitn  contains 
may  be  readily  expelletl  at  temperatures  between  100'  and  l^O"" ;  but, 
in  order  to  drive  off  the  last  portions  of  the  water,  a  tempemture  of 
ncnrlj  30CP  is  required.  If  the  dry  compound  be  heated  to  tempetti- 
tures  much  higher  than  300^^,  its  particles  appear  to  become  ag^luti- 
nated,  and  the  ehemicnl  pn)perties  of  the  substance  are  somewhat 
changed  ;  the  gypsum  is  then  said  to  he  over-burned.  At  tlie  tempe- 
rature of  redness,  sulphate  of  calcium  tnelt^  without  decomposition, 
and,  on  cooling,  aasumed  a  cr^'stalline  sti'ucturc  similar  to  that  of  na- 
tive auhydrite. 

558,  When  powdered  sulphate  of  calcium,  which  has  been  made 
anhydrous  at  a  comparatively  low  temperature,  is  made]!  into  a 
paiite  with  water,  and  then  left  to  itaclf,  it  soon  sets  or  hardens 
into  a  compact,  coherent  mass.  This  solidification  is  u  conso- 
quence  of  the  reassumptiou  by  the  sulphate  of  calcium  of  the 
two  molecules  of  water  of  crystallization  which  were  driven  oif 
by  heat  when  the  substance  was  made  anbydroua. 

Erp,  2B4, — Place  a  small  coin  at  the  bottom  of  a  cyliodrieal 
postebnard  pill-box  a  little  w^der  than  the  coin  ;  smear  the  coin  and 
the  interior  of  the  box  with  a  thin  film  of  oil,  Mix  intimately  tv,^<i 
or  three  tenapoenfala  of  the  calcined  gypsum  of  Exp»  283,  with  about 
half  their  volume  of  water,  in  a  small  porcelain  dish,  aad  quickly 
pour  tht*  mixture  into  the  box,  so  that  the  coin  shall  be  completely 
covered  by  it.  The  mixture,  which  is  of  the  consistence  of  cream, 
should  thoD  be  immediately  stirred  or  puddled  with  a  hair-pfucil,  or 
with  a  ttift  of  cotton  tied  upon  a  stick,  or  with  the  end  of  the  tinger, 
so  that  tb<*  bubbles  of  air  which  remfiin  adherinjLr  t**  the  surface  of  the 
coin  mav  lie  pressed  out,  and  tho  moist  paste  be  mt^le  to  come  every- 
where into  uuntact  with  the  metal  In  the  course  of  a  lew  minutea  the 
paste  will  ecilidjfy  and  becunie  so  hard  that  the  pasteboard  envelope 
may  be  torn  away  from  it,  and  the  coin  removed.     A  perfect  caat  or 
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copy  of  the  tdnmp  upon  the  coin  will  be  found  itti|)re$sed  njKm  (In 
hftrdeDed  g;^T>3um»  Tlje  impression  in  Ibis  first  cast  ie,  of  couTftf^  re* 
versed^  but  by  smearing-  it  with  oil  and  then  pourinjf  otct  it  a  new 
portion  of  the  grypsimi -paste,  precisely  as  was  doae  with  the  coin,  ■ 
fac-fimile  of  the  original  coin  may  be  obtained. 

Plaster  of  Paris  is  larji:ely  uf  »•*  in  this  way  for  taking  aecumte  eopiei 
of  a  great  variety  of  objects.  '1  iiiis,  in  the  process  known  as  eter©o» 
typing-^  a  tliin  paste  of  plaster  is  poured  upon  the  surface  of  the  printei*' 
types,  after  they  have  been  set  up  and  made  ready  for  printing;  iht 
mould  thus  formed  is  dried  and  baked  to  expel  the  water  from  the 
gypsum,  and  is  then  phmged  into  a  bath  of  a  melted  alloy  of  leiul* 
Bnlimony,  and  tin,  known  as  stereotv'pe-metal,  in  such  manner  that, 
on  wlthdrawiug  the  mould  and  allowing'  the  metal  within  it  u>  eo<kl, 
there  is  obtaioed  a  fac-simile  of  the  ori^&l  types.  Fioat  thu  dunkbhi 
metiinic  casting  the  page  is  finally  printed. 

As  has  been  said  above,  the  moist  paste  sets  as  soon  as  th^  watrr, 
which  has  been  mechanically  mixed  with  the  auhydroit;  «ulp)>;»t^  of 
calcium^  enters  into  chemical  combination  with  it  As  in  nil  olhif 
instances  of  chemical  action,  so  here,  heat  is  evolved  as  tho  wnter  imd 
plaster  combine,  as  may  readily  be  appreciated  by  operating  upon  con* 
siderable  quantities  of  the  materials.  Since  the  p!aster  Bssum*^a  crT§* 
talline  form  as  it  becomes  hydrated,  the  paste  increases  in  bulk  u»iC 
hardens,  and  is  thus  pressed  into  the  finest  interstices  of  the  mouldn. 

Gypsum  sets  the  more  quickly  in  proportion  as  the  temper aturw  at 
which  it  ha.^  been  dehydrated  was  low.  After  it  has  been  heated  abo*# 
80(f  I  it  will  no  longer  tet  on  being  mixed  with  water.  Besides  Iti 
use  in  t^ikin^  casts,  plaster  of  Parlf*,  on  account  of  this  power  of  com' 
bining  with  water,  is  largely  employed  in  the  prcparal.  ^*i  of  stiiofio 
and  of  various  imitations  of  miuble.  Thfj  hydra tt»d  compound  findi 
upplication  also  as  a  manure,  in  the  manufacture  of  animouiacal  ttlta, 
and  for  vaiious  othi^r  purposea. 

iSiT?.  286. — That  the  plaster  paste  expands  considerably  at  the  mo- 
ment of  soli  diti  cation  may  be  shown  as  fnllows: — ^Piocure  a  cracW 
test-tube,  or  small  flt^sk,  and  f  U  it  completely  with  a  paste  mad(»  of 
calcined  gypsum  and  water,  in  the  proportions  of  12  pta.,  by  weight; 
of  the  former,  to  5  of  the  latter.  In  the  course  of  15  or  SO  miuiitei 
it  will  be  feen  that  the  original  crack  in  the  glass  vessel  has  eiu^nded 
in  various  diiectitms,  in  consequence  of  the  exp^inrion  of  the  Alt 
witliin  it.  It  will  be  noticed,  also,  that  the  veastd  ft^U  warm  to  U» 
hand  (compare  Exp.  284).  Finally,  by  breaking  away  the  glass  enire* 
lope,  there  may  he  obtained  a  ca^t  of  the  gloss  Teasel. 

£i^p,  260*— The  power  of  sulphatd  of  calcium  to  take  ap  wittft 
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to  flo'Ii^Ti jy  wafer  as  it  onites  with  it  to  form  tlie  CTTFtalline  compound 
Calt^St),,  piin  be  made  mftnifest  aa  follows  : — Prepnre  two  trtble- 
tpoonfii!*  of  a  ejitunitt?d  nqucous  solutioti  of  clilotide  of  caloiwm,  by 
dissolving  1  pt.,  by  w»»j^'bt^  of  the  dry  chloride  in  1*5  pjirt  of  waU^r ; 
aUo  prepare  the  same  quniitity  of  a  eatumlvd  solution  of  sitlphnte  of 
sodium  (Exp.  228j,  and,  tinaHy,  mix  the  t^^o  folutiona.  Sulphate  of 
^^ald>"»  will  be  foroied,  in  accordance  with  the  reactioa 

CaClj  -h  NaaSO^  s  C0SO4  +  2XnCl, 

■ad  will  nnUe  with  the  wnter  in  which  the  ingredients  from  which  it 
lias  been  formed  were  pre  \  ions 'y  held  in  folution^  so  that  nn  id  most 
solid  mass  of  CaSO^^li,U  will  take  the  place  of  the  two  liqtnds. 

Ordiniiry  hydrated  sulphate  of  calcium  h  soluble  in  abov.t  400 
parts  of  wnter  ut  ihe  ordinary  temperature  of  the  air ;  but,  lilce 
bydratc  of  calcium,  fixilpbate  of  sodium,  and  a  fcvr  other  salts,  it 
IB  less  soluble  in  hot  water  than  in  cold.  When  an  aqueous  so- 
lution of  sulphate  of  calcium  is  heated  to  100*^  or  more,  a  precipi- 
tite  will  soon  be  formed  m  it,  cren  if  the  solution  be  v^ry  dilute 
and  at  temperatures  ashigli  as  140^  or  loO*^  the  anhydrous  com- 
pound is  completely  insoluble  in  water.  In  the  same  way  as  with 
sulphate  of  sodium  (Exp.  22S),  it  appears  that  the  bihydratcd 
sulphate  of  calcium  c^^nnot  exist  at  temperatures  much  supenor  to 
100°,  and  that  above  that  temperature  we  ha?e  to  deal  with  other 
compounds  of  different  solubility.  In  other  words,  the  water 
which  is  held  in  chcraie^il  combination  in  ordinary  un burned  gyp- 
sum may  be  expelled  by  heat  even  when  the  gypsum  is  dissolved 
in  water.  Whenever  water  contidning  sulphate  of  calcium  in 
solution  is  strongly  heutcd,  as  in  steam-boilers,  there  is  precipi- 
tated the  half-hydrated  compound,  of  composition  HCu SO ^H-H.^0, 
which  has  been  mentioned  above.  Hence  the  formation  of  incrus- 
tations, or  scah,  of  sulphate  of  calcium  upon  the  walls  of  boilers 
fed  with  8ea-wat«?rj  or  with  other  water  containing  the  sulphate. 
It  should  be  remarked  that  the  incrustation  in  this  case  does  not 
depend  upon  evaporation  ;  the  sulphate  of  calcium  will  bo  do- 
poisited  the  more  rapidly  in  proportion  as  the  water  of  the  boiler 
in  hot,  and  as  more  of  the  impure  feed-water  is  pumped  into  the 
boileiT. 

659.  Besides  occurring  in  sea-water,  sulphate  of  calcium  ia  * 
TLTf  common  impurity  in  spring- water.     Water  which  contains 
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luach  of  it  is  "  hard,**  and  is  not  well  adapted  either  for  wiLshbg 

or  for  cooking. 

Exp.  287,— Dis^^olve  a  sotbU  bit  of  soap  lu  hot  water,  and  mid  to  thi 
soltition  an  equal  bulk  of  a  aoliition  of  f^uljjhate  of  caleiuni.  The  mix-- 
ture  immediately  becomes  tm'bid^  and  after  a  few  m omenta  there  will 
be  formed  a  g"rea«*y,  floccuknt,  adbeaive  scum  upon  the  aurfai^e  of  tKe 
liquor.  Thia  precipitate  is  a  time  soap,  formed  bv  the  tinioD  of  lite 
fatty  injfrediPiits  of  the  soap  and  the  base  of  the  sulphate  of  cnlciunL 
Common  aoap  is  a  compound  of  oae  or  more  org^anic  acidi»,  known  u 
fattj  ac^ids,  with  caustix;  aada.  Thi^  soda  soap  is  soluble  in  waU^r,  hat 
lime  .^oap  i^  insoluble;  hence»  when  a  soluble  salt  of  calcium  is  added 
to  a  solution  of  soap,  prei4pitation  occura.  When  aoap  is  added  to 
hard  water,  it  will  produce  neither  permanent  froth  nor  clcaniiqg 
effectt  until  the  sulphate,  or  other  Imie-f^alt  present,  has  all  b«?6a 
decompoped ;  with  such  waters,  much  soap  is  consumed  in  n*moriiip 
the  calcium  compound,  bt^fore  the  proper  detergent  action  of  the  8ot|k 
ain  be  brought  into  play. 

560.  An  excellent  process  for  determining  the  relative  bftrd- 
n^s  of  several  samples  of  water  has  been  founded  upon  tJhe 
behavior  of  water  towards  soap,  as  sot  forth  in  the  foregoing 
experiment : — 

Exp.  288,— Prepare  a  sample  of  water^  of  standard  bardneas,  as  fol- 
lows : — Dissolve  0*5  grm.  of  white  marble,  or  other  pure  carbonate  oj 
calcium,  in  dilute  chlorhydric  acid,  evapornte  to  drjTiess,  in  order  to 
e^rpel  the  excess  of  acid,  and  dissolve  the  pure  chloride  of  calcium  ob- 
tained in  2  litres  of  water.  Next  prepare  a  solution  of  soap  by  digest- 
ing 7  i^nns.  of  Castile  soap,  or,  hett^r,  white  curd  soap,  in  llilO 
gnns,  of  ft  mixture  of  3  parts  of  alcohol,  of  0*83  specific  gravity,  Bod  1 
of  pure  water,  until  no  more  stmp  dissolves;  filter  the  solution,  ooil 
preservo  it  in  a  iighi  bottle.  Measure  off  100  c.  c.  of  thr  water,  ei 
standard  hardness,  place  it  in  a  bottle  of  200  or  2oO  o.  e,  Crtpadtr,  iod 
by  means  of  a  graduated  burette  (Appendix,  §  21),  or  pipette,  add  to 
it  the  solution  of  soap  by  portions  of  1  c.  c,  each.  After  the  addition 
of  each  c,  c.  of  the  soap  solution,  replace  the  stopper  in  the  bottle,  and 
shake  the  latter  violently,  then  place  the  bottle  upon  its  side,  and 
obsen-e  whether  the  bubbles,  which  form  upon  the  surface  of  the 
liquid,  quickly  disappear.  So  long  as  the  bubbles  disappear  imme«li- 
att'ly,  new  portions  of  the  soap-liquor  must  be  added ;  but  a<i  hOud  ft* 
ft  permanent  froth  is  formed,  the  operation  is  Hiii.^hed.  It  is  customJiTy 
to  consider  the  operation  completed  when  the  hubbies  perMi«t  durinir 
three  minutes.  The  number  of  c.  c,  of  soap-liquor  which  hiis  bean 
employed  in  producing  this  result,  is  then  carefully  recorded. 
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Samples  of  well-  and  riTei^water  may  readily  be  compared  with  the 
water  of  known  standard  hnrduess.  We  have  only  to  measure  oil  100 
c  c.  of  the  well-wattir,  place  it  in  a  ftnall  battle,  as  above,  and  add  to 
it  the  sonp-liqijor,  whose  vahie  has  been  determined,  until  a  persistent 
froth  ia  produced.  If  it  be  assiumed  that  the  standanl  chloride-of-cal- 
cium  wati?r  represent  100^  of  hardness,  the  comparative  hardness  of 
any  other  sample  of  water  will  follow  from  the  proportion : — Aa  the 
qtuintity  of  soap -liquor  required  to  produce  persistent  bubbles  in  the 
Manilard  water  is  to  100,  so  is  the  quantity  of  &oap-liquor  which 
produices  hubbies  in  any  given  aample  of  water  to  the  relative  hord^ 
neas  of  the  sample. 

When  the  water  under  examination  baa  a  much  higher  degree  of 
hardness  than  100**,  it  is  necessary  to  dilute  it  with  from  I  to  5  timoa 
its  volume  of  distiUed  water  before  adding  the  soap-liquor;  for  the 
curdy  pi>?cipitate,  which  would  form,  if  soap  were  added  to  the  un- 
diluted liquid,  would  interfere  with  the  formation  of  froth,  and  so 
make  it  ditlicult  to  determine  when  a  sufficient  quantity  of  the  soap- 
liquor  had  been  used* 

On  being  igmted  in  an  atmosphere  of  hydrogen^  or  in  oontact 
with  substances  containing  carbon,  gypsum  may  readily  be  deox- 
idized and  converted  into  sulphide  of  calcium : — 
CaSO^  +  4C  =  CaS  -h  4C0. 
This  reduction  is  readily  effected,  also,  when  aqueous  solutions  of 
gypsum  arc  left  in  contact  with  decaying  vegetable  matter.    Since, 
in  this  case,  carbonic  acid  will  necessarily  coma  in  contnct  with 
the   suli>hidc  of  calcium  as  soon  as  it  is  formed,  sulphuretted 
hydrogen  gas  will  be  set  free,  as  may  be  perceived  wherever  the 
mud  of  docks  and  marshes  is  wet  with  sea-water : — 
CaS  -h  H,0  +   CO,  =  CaCO,   +  H,8. 

561.  Pkosspkatea  of  Calcium, — There  are  several  of  these  phos* 
phates,  comparable  respectively  with  the  various  phosphates  of 
sodium  (§  4S9) ;  the  most  remarkable  among  them  is  the  triphos- 
phate (3CaO,  PjO^),  commonly  called  bone-phosphate,  from  being 
found  in  bones.  It  is  the  chief  of  the  inorganic  constituents  of 
which  the  skeletons  of  animals  are  composed.  Small  portions  of 
it  are  found  in  most  rocks  and  soils  (§  2(52)»  it  being  a  very  widely 
diffused,  though  nowhere  a  very  abundant,  substance.  Consider- 
able masses  of  it  have  boen  found,  however,  in  Spain,  New  Jcr- 
8ey»  and  Canada,  and  it  is  the  principal  ingredient  of  some  kinda- 
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of  g:uaTio*  No  matt<*r  whence  obtained,  it  is  a  valuable  manxi 
when  reduced  to  a  fine  powder.  Though  as  good  as  insoluble  in 
water,  it  dissolves  readily  in  acida  and  in  solutions  of  various 
organic  snbstancea. 

562*  Chloride  of  Calcium  (CaClj)  may  be  pre|mrcd  by  di*- 
iolving  chalk  or  marble  in  chlorhydric  acid  (as  in  Exp.  171)t 
and  evajwrating  the  solution  to  dryness.  It  is  produced  in  larj^ 
qnnntities  in  the  arts  by  beating  chloride  of  ammoDium  with 
slaked  lime  in  tbe  preparation  of  ammonia-water  (Exp.  48)  .* — 

2NHp  +  CaH.O,  ^  CaCl^  +  ^NH,  -h  2H,0.  . 
"Wlien  dried  at  about  200^,  chloride  of  calcium  is  left  as  a  poroaa 
mass,  which  is  largely  employed  in  chemical  laboratories  for  dry- 
ing gases  (Appendix,  §  16).  It  absorbs  water  with  gruat  avidi^, 
and  is  on©  of  the  most  deliquescent  suhstimces  known.  Wb«l 
exposed  to  air  at  the  ordinary  temperature,  it  soon  absorbs  so 
much  water  that  it  dissolves  completely.  At  a  low  red  heat  tli© 
anhydrous  chloride  melts  to  a  clear  liquid ;  if  ignited  for  any 
length  of  time  in  contact  with  the  air,  it  suffers  decomposition  to 
a  slight  extent,  a  little  oxide  and  carbonate  of  cab-ium  being 
formed.  From  highly  concentrated  aqueoas  solutions  there  may 
be  obtained  crystals  of  the  hydrated  compound  CaCl^ -1-611,0* 

Blaked  lime  may  be  dissolved  in  considerable  quantity  in  i 
boiling  aqnoous  solution  of  chloride  of  calcium,  and  the  tiltored 
solution  deposits,  on  cooling,  long,  thin  crystals  of  a  compound 
known  as  oxychloridc  of  calcium  (CaCI^,  3CaO-|-10Hj^O),  which 
is  immediately  decomposed  when  treated  with  pure  water, 

663.  HtjpocMoritc  of  Ctdetum  (CiiClO^)^  as  has  been  tthowri 
in  §  120,  iH  a  component  of  the  substance  commonly  called 
"chloride  of  lime."  This  important  bleaching  agent  is  prepared 
by  passiug  chlorine  gas  into  chambers  filled  with  layers  of  finely 
powdered  slaked  lime,  in  accordance  with  the  reliction  already 
set  forth.  Chloride  of  lime,  or  blpaching-powder,  is  a  dry,  white 
powder,  smelling  fet'bly  of  hypochlorous  acid  ;  it  always  contains 
a  certain  exccj^s  of  hydrate  of  calcium  which  haa  been  unacted 
njion  by  chlorine ;  it  is  therefore  only  partially  soluble  io 
water.  When  exposed  to  the  air,  it  slowly  absorbs  carbonic 
acid,  and,  at  the  same  time,  evolves  chlorine;  hence  its  employ- 
caORt  as  a  disinfecting  agent     If,  instead  of  being  lelt  to  be 
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slowly  acted  upon  by  the  carbonic  acid  of  the  air,  it  be  treated 

with  a  dilute   acid  (soch  as  vinegar),  a  oopxotis   evolution   of 
chlorine  will  immediately  occur, 

,E^,  380* — Place  half  a  teaspoon ful  of  bleach ing-powder  in  a  test- 
grlase,  cover  the  powder  with  water,  and  stir  in  enough  of  a  8olution  of 
blue  litmus  to  distinctlj  color  the  mixture.     By  means  of  a  glans  tube, 
blow  into  the  mixture  air  expirtrd  from  the  lung^^and  obsen^e  that  the 
blue  C4ilor  of  the  litmuB  will  soon  be  destroyed.     The  carbonic  add 
iwm  the  lunp^a  decomposes  the  hypochlorite  of  calcium^  and  the  chlo- 
jB  iet  free  deatroys  the  color. 
Ejpp^  290. — At  the  bottom  of  a  large,  tall  beaker,  or  other  wide- 
mouthed  glftfis  vessel,  of  the  capacity  of  two  or  three  litres,  place  s 
small  bottle  containing  15  or  20  grma.  of  bleaching-powder.     Corer 
the  beaker  with  a  glaiis  plate,  or  sheet  of  pasteboard «  provided  with  a 
small  hole  at  the  centre ;  through  this  hole  in  the  cover  paai  a  thistle- 
f  tube  down  into  the  bottle  of  bleaching-powder,  and  pour  upon  it  several 
I  small  successive  portions  of  sulphuric  acid  diluted  with  an  equal  volume 
I  of  wat€f.     Chlorine  gaa  will  immediat^jly  be  set  free  from  the  bleach* 
I  iDg-powder,  in  accordance  with  the  reaction 

CaCU,CaCl.,0,  +  2H3SO,  =  2CaS0^  -|-  SHyO  4-  4C1, 

^And,  falling  over  into  the  bottom  of  the  large  beaker,  will  gmdually 

press  out  and  di^lace  the  air  therein  contained,  so  that  after  a  short 

I  time  tlje  beaker  will  be  seen  to  be  completely  tilled  with  the  green  ga& 

iThis  is  by  far  the  ea^est  and  most  expeditious  method  of  preparing 

I  chlorine.     If  desirable,  the  bleaching-powder  may,  of  course,  be  placed 

I  in  A  flask,  together  with  the  acid,  and  the  evolved  gik»  collected  at  wlU, 

by  means  of  suitable  delivery -tubes ;  but  many  of  the  experiments  of 

Chapter  VITI.  may  be  performed  perfectly  well  in  the  jar  of  chlorine 

obtained  as  above.    The  heavy  gas  may  be  ladled  out  of  the  jar  with 

a  dipper  mnde  of  any  small  bottle,  and  poured  upon  a  solution  of 

indigo  to  show  its  bleach ing-power. 

It  will  be  noticed,  in  the  above  reaction,  that  by  the  addition  of  an 
[acid  all  the  chlorine  of  the  bleaching-powder  is  expelled.  The  point 
f  is  important  as  bearing  upun  the  practical  use  of  this  agent. 

Jjp.  291. — Soak  a  bit  of  print».*d  calico  in  a  half-litre  of  water*  into 
'^  which  10  or  15  grins,  of  bleach ing-powder  have  been  stirred*  Observe 
that  the  color  of  the  calico  slowly  undergoes  change  ;  then  transfer  the 
cloth  to  another  bottle  filled  with  very  dilute  chlorbydric  or  sulphuric 
ftcidi  and  take  note  of  the  rapidity  with  which  the  c^lor  is  discharged* 
If  need  be,  again  immerse  the  calico  In  the  bleaching  bath^  and  after- 
wards in  the  dilute  acid.  FinaUy,  wash  the  whitened  cloth  thoroughly 
in  water. 

2i2 
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504,  When  hented,  bl caching-powder  gives  off  or  m 

chloiide  of  calcium  ia  left  as  a  residue.     TLo  react  i^  >h|i' 

a  cheap  and  convenient  method  of  obtaining  oxygen.  Another 
method  of  procuring  oxygen  from  the  hypochlorite  i&  to  mix  a 
eolation  of  the  latter  with  black  oxide  of  manganese^  red  oxido 
of  mercury,  oxide  of  iron,  or  oxide  of  copper,  or,  bt^tter,  with 
hydra  ted  sesquioxide  of  iron^  hydrate  of  copper^  of  nickel^  or  of 
cobalt,  and  to  gently  warm  the  mixture. 

Erp.  292. — Fin  an  ignition-tube  one-third  full  of  bleaching-pow- 
der,  and  arrange  the  apparatua  so  that  the  gas  mtiy  he  collected 
over  water.  Heat  the  tube,  and  observe  that  the  ga«  is  expeUed  at 
a  conipiimtivc'ly  low  temperature,  1  grm.  of  bleaching-powder  jri«Jd« 
40  or  50  c.  c.  of  oxygen  gaa* 

H^jrp,  2*J.^, — ^Take  as  much  bleaching-powder  oa  wa«  employed  in 
Exp,  2i>2,  dissolve  it  in  a  fimall  quantity  of  water,  filter  the  aolutioa, 
and  place  it  in  a  email  flask  provided  with  a  deli  very- tube*  Add  Ui 
the  contents  of  the  flask  two  or  three  drops  of  the  solution  of  a  cobalt 
salt,  connect  the  flask  with  an  inverted  bottle  of  water  upon  the  wttt«r* 
pan,  by  means  of  the  deli  very- tube,  then  heat  the  flask  to  70^  or  &)% 
and  observe  that  oxygen  is  freely  evolved. 

The  cobalt  solution  employed  amount*  to  the  same  thing  as  by* 
drated  oxide  of  cobalt,  since  the  latter  ia  immediately  preeipita1«d 
imm  the  cobalt  salt  by  the  caustic  lime  in  the  bleaching-powil«!7. 
The  action  of  the  oxide  of  cohjilt,  or  other  metallic  oxide,  in  thi^  ex- 
periment, appears  to  be  somewhat  analogous  to  that  of  the  higher 
oxides  of  nitrog^en  in  the  manufacture  of  sulphuric  acid  (§  228),  The 
oxide  of  cobeJt  probably  takes  oxj'gen  from  the  solution  of  bUnrhing- 
powder,  and  combines  with  it  to  farm  a  high,  unMablts  oxide,  which 
immediately  decomposes  again  with  evolution  of  oxygen.  Tbe  uaida- 
tion  and  deoxi<!ntion  of  the  cobalt  compound  thus  goes  on  ineeas«ntlj» 
and  a  very  small  quantity  of  the  latter  is  suflieieut  to  decompose  juiT 
desired  amoiUit  of  lleaching-powder.  It  is  important  that  the  soJu* 
tion  of  the  hypochlorite  should  be  filtefed  as  above  directed^  leat  a 
quantity  of  it  be  lost  by  foaming  over  out  of  the  flaskt 

5t»5.  The  proportion  of  hypochlorite  of  calcium  in  bleaching* 
powder  varies  widely  in  different  samplen,  according  to  the  osw 
w  ith  wliich  the  sample  has  been  prepared,  and  to  the  length  d 
time  it  has  been  exposed  to  the  action  of  the  air.  The  bleaching- 
powcr,  or  ill  other  words,  the  money  value  of  each  apecial  ftainph^i 
should  therefore  be  determined  before  it  i«  sold.     Of  the  «e?crJ 
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ithods  of  ascertaining  the  Talne  of  bleaching-powder,  one  of 
he  simplest  ia  to  determine  how  much  araenious  acid  (As^O,) 
!an  bo  converted  into  arsenic  add  (As^O^)  by  a  given  weight 
of  the  sample : — 

,   As,0,   +  4C1  +   2Hp  =  Asp,  +  4HC1. 

To  this  end  a  weighed  quantity  of  arsenious  acid  ia  dissolved  in 

certain  defiDite  quantity  of  a  solution  of  carbonate  of  aodiuni  in 

inch  rriAiiner  that  each  c.  c  of  the  liquor  Bhall   contain  a  known 

eight  of  ursenioii^  acid*     A  considerable  quantity  of  this  aUinrlard 

ilution  may  be  prepared  once  for  all,  and  kept  for  use  in  tightly 

losed  bottles.     A  wt*igbed  sample  of  the  bleac;hin«j- powder  under 

xaminHtion  is  then  dissolved  in  water,  and   into  thi;*  solution   of 

kleaching'powder  the  standard  eolution  of  arseuious  acid  is  ciurefully 

toured,  from  a  burette,  so  long-  as  the  arscnioua  add  continues  to  be 

lOxidized  and  converted  into  arsenic  actd. 

In  order  to  determine  the  precise  moment  when  the  oxidising- 
power  of  the  bleaching-powder  solution  ceadcs,  a  drop  of  this  ela- 
tion is  taken  out  from  time  to  time  upon  a  glxLsa  rod  and  placed 
npoo  paper  prepared  with  iodide  of  potassiuna  and  gtarch,  as  Itaa 
been  described  in  Exp.  7L  When  the  paper  no  longer  becomes 
line  on  being  touched  with  the  solution,  the  operation  is  known 
be  completed.  Towards  the  close  of  the  experiment  the  solution 
inious  acid  should  only  be  added  drop  by  drop  to  the  solution  of 
ing-powder,  and  some  of  the  latter  should  be  touched  to  the 
test-paper  after  t-ach  addition  of  the  arsenious  acid. 

The  number  of  c.  c.  of  the  Bolution  of  arsenious  acid  which  hi^ve 

sen  employed  is  then  carefully  noted,  and  the  amount  of  or^enioua 

d  contained  in  them  is  computed.     From  these  data  the  amount 

of  chlorine  in  the  sample  of  bleachiDg-powder  is  obtained  by  the 

following  proportion  :■ — 

Weight  of        Weight  of 
[  198  :  142  a      arsenious     ;     chlorine  in 

'  Weight  of  one      Weight  of  four  add  used,         the  sample, 

molecule  of  ar-   atoms  of  chlorine, 
tenious  acid* 

Of  the  other  compounds  of  calcium  may  be  mentioned  the 

luoridc  (§  155),  bromide,  and  iodide  (ann logons  to  the  chkuide), 

e  peroxide  CaO^,  several  sulphides  (§  213),  and  the  pho:sphide 

27by     Nitrute  of  calcium  (CaX^O^)  is  a  very  easily  soluble, 

leliquescent  salt,   found  in  many  soils,  and  in  other  localitiea 

whore  organic  matters  putrefy  in  contact  with  hydrate  or  car- 
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bonate  of  calcium,  Sulphydratc  of  calcium  Ca8,H^8,  anoloj 
to  the  hydrate,  may  bo  prepared  by  boiling  roonosulj/biile  tf 
calcium  with  water,  or  by  passing  sulphydric  acid  gas  into  a  cold 
solution  of  the  sulphide.  The  solution  of  this  substance  possesses 
a  remarkable  power  of  loosening  hair  from  the  skins  of  nnimais. 
After  a  skin  lias  been  soaked  for  a  few  minutes  in  u  strong  eola- 
tion of  this  substance,  the  hair  may  readily  be  scraped  olf  wilb 
any  blunt  instrument.  A  solution  of  sulphite  of  calcium  (CaSO,) 
in  an  aqueous  .solution  of  sulphurous  acid,  is  sometimes  employed, 
under  the  name  bisulphite*  of  lime,  to  check  fermentation. 

56G,  The  metal  itself  may  be  obtained  by  decomposing  fnncd 
chloride  of  calcium  by  means  of  the  galvunic  current,  or  by 
heating  iodide  of  calcium  with  metallic  sodium  in  a  closed  mm 
tube.  It  is  a  yellowish- white,  lustrous,  ductile  metal«  of  1*0 
specific  gravity,  which  suffers  no  change  in  drj*  air  at  the  ordi- 
nary temperature.  In  moist  air  it  oxidizes  quickly,  and  it 
dccompoiaca  water  with  CTolution  of  hydrogen*  At  a  red  hftt 
it  melts,  and,  if  oxygen  be  present,  takes  fire  and  bums  with  a 
bright  light.  It  is  a  bivalent  element ;  the  weight  of  its  atom 
is  40. 
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567.  The  metals  strontium  and  baiium  doeely  resemblo  cd- 
cium  in  appearance  and  properties,  and  may  be  prepared  by 
raolhoda  similar  to  those  used  for  calcium,  as  dcscril>ed  in  ibe 
last  section.  The  specific  gravity  of  strontium  h  2'6»  thtt  rf 
barium  is  4,  The  atomic  weight  of  strontium  is  87-5,  and 
that  of  barium  137.  Like  calcium,  strontium  and  barium  art 
both  bivalent  elements. 

Most  of  the  oompaunds  of  strontium  and  barium  are  closely 
analogous  to  the  corresponding  compounds  of  calcium.  Tht 
oxides,  peroxide*,  hydnttcs,  carbonates^  sulphates,  nitrat«^s,  pho§* 
pbates,  chlorides,  sulphides,  <Src,  resemble  in  the  main  the  eom^ 
sponding  calcium  salts,  The  bydi^tes  of  strontium  and  bai'ium, 
however,  are  more  readQy  soluble  in  water  than  the  hydrate  of 
calcium^  while  iheir  wulph^tes,  nitrates,  and  chloridea  4P©  Iw* 
soluble  than  those  of  calcium.  Sulphate  of  barium  is  ahnnst 
absolutely  insoluble  in  water,  and  sulphate  of  strontium  is  onJj 
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T^ry  ftUglitly  Bolable.  Sulphate  of  baritim  is  found  natire,  eorae- 
timea  in  considerable  majsafis^  as  a  verj  heavj  white  mineral 
called  bari/t^t  which,  when  powdered,  is  largely  employed  for 
adulterating  white  lead*  The  name  barium  comes  from  a  Greek 
word  meaning  heavy. 

From  the  carbonates  of  strontium  and  barium  the  carbonic 
acid  cannot  readily  he  driven  off  by  heat  alone,  though  when 
mixed  with  charcoal^  and  then  ignited,  these  carbonates  may 
he  reduced  to  oxides.  A  better  way  of  preparing  the  oxides  is 
to  heat  the  nitrates  strongly  in  a  [>orcelain  crucible  or  retort. 
Unlike  hydrate  of  calcium^  hydrate  of  banum  does  not  give 
off  its  water  at  the  temperature  of  redness,  but  melts  without 
undergoing  decomposition.  From  hydrate  of  strontium  the  water 
may  be  expelled  by  heat,  though  with  diiSculty*  Peroxide  of 
barium  (BaO^)  is  of  interest,  Bince  by  means  of  it  peroxide  of 
hydrogen  (§  61)  and  antozone  (§  177)  may  be  prepared* 

508,  In  order  to  obtain  peroxide  of  barium,  a  mixture  of  1 
part  of  oxide  of  barium,  and  4  parts  of  chlorato  of  potasaium 
may  be  thrown,  little  by  little,  into  a  crucible  heated  to  low 
redness,  and  the  fused  mass  subsequently  washed  with  water  to 
remove  chloride  of  potassium ;  or  a  current  of  oxygen  gas,  or 
of  air,  may  be  made  to  flow  over  oxide  of  barium  heated  to  low 
redness  in  a  porcelain  tube.  As  thus  prepared  tbo  peroxide  is 
never  pure,  being  mixed  with  more  or  less  protoxide*  Peroxide 
of  barium  decomposes,  with  evolution  of  oxygen,  at  the  tempera- 
ture of  bright  redness,  and  in  view  of  this  fact  it  was  at  one  time 
proposed  tu  employ  the  substance  as  a  means  of  obtaining  pure 
oxygen  from  the  air  upon  the  large  scale.  A  considerable  nnm* 
her  of  tubes  charged  with  protoxide  of  baiium,  having  been 
anitably  arranged  in  furnaces,  half  of  the  tubes  were  heated  to 
dull  redness,  and  a  current  of  air  was  made  to  How  through 
them,  until  the  protoxide  had  been  converted  into  peroxide; 
the  current  of  air  was  then  transferred  to  the  other  tubes,  while 
the  first  series  was  put  in  connexion  with  a  gas-holder  and 
heated  to  bright  redness,  until  the  second  atom  of  oxygen  had 
been  driven  out.  The  second  series  of  tubes  were  next  deprived 
of  oxygen,  while  tbe  tubes  of  the  first  series  were  put  to  their 
old  work  of  absorbing  oxygen  from  the  air.     The  process  thua 
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became  a  coTitinnous  one,  and  was  really  capable  of  furnisliinf 
large  quantities  of  oxvg^en ;  it  has,  however,  been  superseded  by 
cheaper  methods  (§  242). 

Strontiuai  salt^  are  commonly  prepared  from  the  natire  ctr^ 
bonate,  a  mineral  called  Atroniianke^  while  the  various  salta  of 
barium  aro  obtained  eitber  from  the  native  curbonate  (witkente)^ 
or  more  commonly  from  the  sulphiite.  The  finely  powdered  mU 
phato,  after  having  been  mixed  with  powdered  cbttrconl  and  oil, 
is  strongly  heated  in  a  covered  crucible,  and  so  reducod  to  tiui 
condition  of  Bulpbide  of  barium  : — 

BaSO,   +  4C  =  BaS  +  4C0. 

Sulphide  of  barium  is  readily  soluble  in  water,  and  on  being 
treated  with  cblorbydrie,  nitric,  or  any  other  acid,  it  decomposes, 
sulphuretted  hydrogen  is  given  off,  and  there  h  formed  chlotide 
of  barium,  or  some  other  salt,  according  to  the  acid  employed : — 

BoS  H-  2Ha  =  BaCl,  +  H,a 
Reveral  of  the  compounds  of  baiium  are  useful  reagents  in  tbo 
chemical  laboratory.  Sulphate  of  barium  is  eraj)loycd  as  a  pig- 
ment by  artists  in  water-colors,  under  the  name  penmtnetU  te^iU, 
also  in  the  finishing  of  paper,  pasteboard,  &c.,  and  for  adulterating 
whit4j  load.  As  a  water-color  it  is  valuable,  since  it  is  scareclf 
at  all  acted  upon  by  any  chemical  agent ;  but  when  ground  witk 
oil  it  becomes  transhicent,  and  seriously  impairs  the  opacity  or 
covering  power  of  the  better  pigments  with  which  it  is  mixcrL 

Compounds  of  barium  and  of  strontium  are  employed  in  th© 
preparation  of  fireworks,  for  obtaiuiDg  green  and  crimsoa  HEmm 
respectively : — 

The  frroen  barium -flame  may  be  well  shown  by  mixing  with  iha 
fingers  a  gramme  of  |>owdertd  chlorate  of  bariam  with  half  a  gramiDa 
of  llowers  of  sulphar,  aud  strewing  the  mixture  upon  a  glowing  eoaJ. 
The  green  tii^  of  the  pyrotechnists  may  be  prepared  by  mixing  together 
68  parts  of  nitrate  of  bai  ium,  13  parts  of  sulphur,  0  parts  of  chlomt* 
ofpotasxinm^  and  2  parte  of  charcoal. 

To  exhibit  the  red  strontiiim^flame,  a  mixture  may  be  pw*pitif»d  by 
rubhLntf  together  in  a  mortar  30  parts  of  anhydrous  nitrate  of  slrno- 
tiumt  10  purts  of  powdered  sulphur,  and  3  parts  of  sulphide  of  Anti- 
niony ;  and  (o  ibis  mixture  may  be  added,  with  the  banil. 
to  avoid  all  violent  friction^  7  parts  of  powdered^  fused  i 
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pota^iiam.    The  mixture  may  then  be  ahitkeii  loosely  upon  a  piec«  of 
et  iroo  and  touched  with  a  lighted  gtiek  or  glowiijf.^  coal. 
)r  the  color  mAy  be  shown  .upon  a  fitnaller  ecale  by  operating  ilb 
follows : — 

B.t'p,  201* — By  means  of  iron  wire,  sii spend  three  small  bulkta  of 
well-hurnt-'d  coke  from  a  ring'  of  the  irou  etnud.  Heat  the  fragmenta 
in  turn  with  the  flame  of  the  gas- lam p^  and  observe  thts  slightly  yel- 
lowish flame  which  will  be  produced  in  t^ach  case  ;  then  moisten  one 
of  the  pieces  of  coke  with  a  solution  of  chloride  of  calcium^  the  second 
with  a  *olutiou  of  chloride  of  barium,  and  the  third  with  a  aoliition  of 
niimte  of  atroiitium,  and  Hgaiu  heat  them  in  turn  with  the  f^-as-tiame. 
The  calcium  salt  will  impart  a  reddish-yellow  color  to  the  Home,  the 
ium  ^nlt  a  f^eu  color,  and  the  strontium  salt  a  beautiful  crimson, 
lad  of  the  bits  of  coke,  platinum  wire  might  of  course  be  employed, 
A9  in  £kp.  202. 

569.  A&  appears  abundantly  from  the  foregoing,  tho  three 
elements  calcium,  strontium,  and  bai-ium  are  intimately  related 
one  to  the  other,  and  are,  as  a  family,  clearly  distinguished  in 
aeveral  imp*3rtant  particulars  from  the  metals  of  the  preceding 
group.  Even  before  the  metaln  of  this  family  were  discovered 
and  isolated,  it  had  long  been  customary  among  chemists  to  speak 
of  the  oxides  of  calcium,  strontium,  and  barium  as  the  alkaline 
0aH}i*y  in  contradistinction  from  the  "  alkfdics,*'  potash  and  soda, 
npon  the  one  hand,  and  the  "earths,"  such  as  the  oxides  of 
magnesium  and  aluminum,  upon  the  other. 

Each  of  the  members  of  the  alkaline -earthy  group,  now  in 
question,  decom[KM»es  v?ater,  even  at  the  ordinary  temperature, 
taking  awny  its  oxygen  ;  and  each  of  them  forms  two  oxides — a 
neutral,  insoluble  binoxide,  belonging  to  tho  class  of  antozonides 
(§  1S2),  and  a  more  or  less  soluble  protoxide,  acting  as  a  powerful 
hose;  their  carbonates  and  sulphi;Ltes  are  all  difficultly  soluble, 
and,  like  the  other  compounds  of  the  three  metals,  are  isomor- 
phous  with  one  nnother.  In  all  their  compounds,  there  may  be 
seen  the  same  progression  of  properties  which  has  been  met  with 
in  tho  groups  previously  studied.  The  barium  compound  will 
always  bo  found  at  one  end  of  the  scale,  the  calcium  compound 
at  the  other,  and  the  strontium  compound  interposed  between  the 
two.  The  hydrate  and  tho  carbonate  of  calcium  are  both  readily 
destroyed  by  heat,  while  the  corresponding  strontium  compounds 
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are  decomposed  with  difficulty,  and  the  bttHum  compouiids  < 
at  exceedingly  high  teDiperatures*  The  Bolubilitj  of  the  oxides 
diminishes  as  we  pass  from  baryta  to  lime,  while  that  of  the  sul- 
lates  and  carbonates  follows  the  inrerso  order.  The  spocido 
i%*ities  of  the  metals  are,  Ca=l'6,  8r=2'6,  Ba=4  :  and  tbtir 
'atomic  wei^^bts  are  40.  87*5,  and  137  respectively,  that  ofstroa* 
tium  beinj^  nearly  the  mean  of  the  other  two.  The  ©pecilla 
gravities  of  their  carbonates  and  sulphates  are  as  follows: — 
CaCO,  (arrajronite)  =295,  SiCO,=3*6,  BaC0,=4'a3;  CaSO,= 
2-33,  SrS(:>,=3S9,  and  BaSO^=4-4.  It  should  be  observed  thiit» 
in  all  these  cases,  the  specific  gravities  of  the  strontiiim  coni' 
pounds  approximate  closely  to  the  mean  of  the  specific  g^ravides 
of  thu  corresponding  barium  and  calcium  compounds.  The  same 
remark  applies  also  to  the  specific  gravities  of  ihe  three  metals. 

LZAD. 

570.  Almost  all  the  load  which  is  employed  in  the  arts  b 
extracted  from  sulphide  of  lead,  PbS,  the  mineral  galena,  Thit 
substance  is  tolerably  abundant  in  many  localities,  and  is  oflon 
associated  with  sulphate  of  barium,  fluor-spar,  qunitz,  and  other 
common  minerals ;  it  almost  always  contains  a  small  proportion 
of  sulphide  of  silver.  In  order  to  obtain  metallic  lead  fi-om  ga- 
lena, this  miriorol  is  mixed  with  a  small  quantity  of  lime*  and 
tlien  roasted  at  a  dull-red  heat  in  the  fiame  of  a  roverberatiwT 
furnace.  A  portion  of  the  sulphur  burns  off*  as  sulphurous  add. 
Some  oxide  of  lead,  and  more  or  less  sulphate  of  lead  i*j  formed, 
wliile  much  of  the  ore  remains  un decomposed.  After  a  time*  the 
roasting -process  is  interrupted,  air  is  excluded  from  the  furuaee, 
the  oxide,  sulphate,  and  sulphide  of  lead  are  thoroughly  mixed 
together,  and  the  heat  of  the  furnace  is  suddenly  raised.  Ths 
undt'composed  sulphide  of  lead  then  reacts  upon  the  oxide  and 
sulphate,  sulphurous  acid  is  f^iven  off,  and  metallic  lead  producei 
The  reactions  may  be  thus  formulated: — 

2PbO  +  PbS  =  3Ph  +  SO,.  ~ 

PbSO^  +  PbS  =  2Pb  +  2S0,. 

The  lime  is  added  for  the  purpose  of  forming  a  fusible 
wilh  any  siliceous  matter  which  may  he  present  in  thr^  ore. 

LcKid  is  a  remarkably  soft  metal,  of  bluish- wljitr  rnlnr;  it  cafl 
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be  readilj  cut  with  a  knifo,  and  may  even  be  indented  with  the 
finger*nail ;  it  soils  paper  upon  which  it  is  rubbed.  Its  speeiiic 
gravity  is  11*4,  and  ita  atomic  weight  207.  It  may  be  drawn 
into  wire,  and  beaten  into  sheets,  though,  as  contrasted  with  most 
of  tho  other  metala,  it  has  hut  little  tenacity.  In  companson  with 
other  roet;ils,  it  is  a  rather  poor  conductor  of  heat  and  electricity. 
It  melts  at  about  325%  and  contracts  considerably  in  passing  fmm 
the  liquid  to  the  solid  condition.  Its  specific  heat  is  0*0314. 
Solid  lead  expands  greatly  when  heated,  though  the  heat  be  not 
carried  near  to  the  m  el  tin* -point,  and  the  expanded  metal  does 
not  return  again  to  its  original  dimensions  when  cooled.  Melted 
lead  begins  to  emit  vapors  at  a  red  heat,  and  at  very  high  tem- 
peratures the  metal  may  even  be  distilled.  Lead  may  be  obtained 
crystallized  in  octahedrons,  by  slowly  cooling  the  molten  metal. 

The  ready  crystallization  of  lead  fumisbeg  a  very  simple  method 
of  separating  this  metal  from  the  silver  with  which  crude  lead  ia 
almost  always  contaminated  as  it  comes  from  the  smelting  fur- 
naces. When  melted  argentiferous  lead  is  allowed  to  cool  *>lowly» 
and  is  at  the  same  time  briskly  stirred,  a  quantity  of  solid  crys- 
talline grains  separata  out  after  a  while,  and  sink  beneath  the 
liquid  metal,  whence  they  may  be  dipped  out  in  cullenders. 
These  crystals  arc  composed  of  lead  neaily  free  from  silver,  while 
all  but  a  tmee  of  the  silver  contained  in  the  original  lead  is  left 
in  that  portion  of  the  metal  which  htis  not  yet  solidified ;  in  a  word, 
the  alloy  of  lead  and  silver  molts  at  a  lower  temperature  than 
pure  lead,  By  raetbodically  remclting  and  recrystallizing  the 
lead  crystals  on  tJic  one  hand,  and  the  silver  alloy  on  th*j  other, 
it  has  been  found  profitabio  to  extract  the  silver  frnrn  lead  so  pmjr 
that  it  contained  less  than  one  thousandth  part  its  weight  of  the 
precious  metal. 

M  hen  in  thick  masses,  snch  as  the  common  sheets  and  pipes  of 
commerce,  lead  is  scarcely  at  all  acted  upon  by  cold  sulphuric 
ftdd,  and  is  but  slowly  corroded  by  chlorhydrio  acid.  Both 
these  acids  form,  by  uniting  with  lead,  difficultly  soluble  salts; 
and  so  soon  as  a  hiyer  of  the  salt  has  once  been  deposited  upon 
the  surface  of  the  metal,  the  latter  is  thereby  protected  from 
further  eorrosion.  By  hot,  concentrated  sulphurie  acid,  however, 
lead  18  dissolved  rather  easily*     The  best  solvent  of  metallic 
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ad  is  dilated  nitnc  acid ;  strong:  nitric  acid  will  not  dissolve  j 
readily,  sirjco  nitrate  of  lead  is  well  nigk  insoluble  in  concen- 
trated nitric  acid. 

671.  Oxides  of  Lead, — ^Wben  a  compact  piece  of  metallic  lead 
is  freshly  cut,  it  exhibits  considerable  lustre,  and  this  lustre  may 
he  preserved  unimpaired  by  keeping  the  lead  in  perfoelly  diy  air* 
or  beneath  the  surface  of  pure  water  free  from  air  (§  47).  But 
hy  exposure  to  ordinary  air  the  brilliant  surface  soon  tarnisheSt  in 
consequence  of  the  formntion  of  a  thin  coating  of  suboxide  of  lead; 
this  incrustation  protects  the  metal  beneath  from  further  oxida- 
tion. Pinely  divided  lead,  on  the  contrary,  soon  changes  com- 
pletely to  suboxide  when  exposed  to  the  air.  If  the  metal  be  fine 
enough,  it  wiU  oxidize  instantaneously,  with  evolution  oi  light 
and  heat,  and  formation  of  yellow  protoxide  of  lead. 

Krp.  205, — Prepare  q  small  quantity  of  tartrate  of  lead»  m  follows. 
Dissolve  0'2o  grni*  of  comaioa  sugar  of  lead  (acetate  of  lead)  in  8  or 
10  c.  c,  of  water,  also  dissolve  0-1  grm,  of  tartaric  acid  in  4  or  />  c  c 
of  water,  and  niLv  the  two  solutions.  Collect  apon  a  tilter  the  white 
precipitate  of  tartrate  of  lead  which  will  be  formeil,  w^a^h  it  with 
•water,  then  unfold  the  filter  and  spread  it  out  with  its  contents  to  dry 
in  the  air,  or,  bett^^r,  at  a  gentle  heat  upon  a  ring  of  the  iron  stand,  high 
above  a  sin^:le  gas-ffame. 

Fill  an  ignition-tube  one-third  full  of  the  dry  tartrate  of  lead,  and 
heat  it  upon  a  sand-balh  so  lonj?  lu  miy  funies  eprape,  then  cork  tho 
tube  tightly  Hud  set  it  aside  to  cooL  Holding  the  c*joled  tiiby  high 
in  the  air,  sprinkle  its  contents  upon  a  plate,  and  obsen*e  that  the  blark 
powder  tslies  fire  spontaneously,  and  burns  with  a  red  flfi^h.  The 
composition  of  tartrate  of  lead  may  be  rypresented  by  the  formula 
OjHiPbjO, ;  on  being  healed  this  substance  gives  off  water  and  car- 
bonic  oxide,  as  may  be  seen  by  lighting  the  fumes  which  e^capt?  from 
tlie  tube,  and  there  is  left  as  n  residue  an  intimate  mixture  of  carbon 
and  of  metallic  lead,  so  tinely  divided  that  it  intlarues  in  ordinary  air.  A 
spontaneously  inflanimable  mixture  such  as  this  ts  called  np!/r€pAorua, 

572.  T-ead  is  far  more  readily  oxidized  by  the  continued  uclioii 
of  air  and  water  than  by  ordinary  moist  air.  WTicn  exposed  to 
the  simultaneous  or  alternate  action  of  these  af^ents,  a  coating  at 
the  white  by  drat  ed  protoxide  of  lead  is  rapidly  formed  ;  hut  as 
this  compound  is  somewhat  soluble  in  water,  it  is  coudnually  dia* 
solved  away  and  aflords  little  or  no  protection  to  the  lead  beneath* 
Tho  oorrodve  aetiou  of  water  upon  lead  ia  modified  TCfy  matD-* 
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lially  by  tbe  presence  of  amull  quantities  of  rarioiiB  saline  mib- 
stanct^.  Water  contiiintng  traces  of  nitrates,  nitrites,  aud  chlo- 
ride corrodes  lead  more  rapidly  than  pure  water^  Tvliile  the 
oarrosire  action  of  pure  water  appears  to  be  diminished  by  the 
presence  of  snlphatea,  phosphates,  and  carbonates,  oitide  of  lead 
being  scarcely  at  all  soluble  in  water  which  contidns  these  salts  in 
solution.  Water  containing  a  solution  of  carbonate  of  calcium  in 
carbonic  acid,  such  as  is  frequently  met  with  in  nature,  has  been 
found  to  have  remarkably  little  action  upon  lead;  in  such  water 
a  coating  of  insoluble,  or  nearly  insoluble  carbonate  of  lettd  Is 
formed  upon  the  metal,  which  protects  it  from  further  action. 
But,  on  the  other  hand,  water  which  contains  much  free  carbonic 
acid  dissolves  away  the  protective  coating  and  exposes  fresh  sur- 
faces of  lead  to  corrosion.  As  a  general  rule,  the  acids,  even  when 
very  dilute,  greatly  accelerate  the  oxidation  of  lead  in  the  air ; 
and  the  same  remark  is  true  of  organic  substances  and  of  metals^ 
the  first  by  their  decay,  the  second  by  the  galvanic  action  which 
their  presence  excites. 

Since  solutions  of  lead  are  poisonous,  and  sinco  the  metal  la 
employed  to  an  enormous  extent  for  cisterns  and  conduits,  a 
knowledge  of  the  action  of  water  upon  lead  is  veiy  important  in 
'  liBanitary  point  of  view.  The  question  has  consequently  engaged 
tlie  attention  of  many  chemists,  and  has  been  much  discussed. 
It  has  been  proved  by  numberless  experiments  that  the  action  of 
natural  waters  upon  lead  is  so  general  that  it  is  rare  to  find  any 
sample  of  water,  which  has  been  kept  in  a  leaden  cistern,  wholly 
hoc  from  traces  of  that  metal.  The  opinion  of  most  chemists  is  at 
this  tirae(lS67)  decidedly  adverse  to  the  use  of  leaden  water-pipes 
iu  houses,  in  spite  of  the  fact  that  the  metal  is  nowadays  eraployod 
for  this  purpose  almost  everywhere  with  apparent  impunity. 

WTaen  lead  is  melted  in  the  air  it  oxidizes  readily,  with  for- 
mation at  first  of  gray  suboxide,  and  afterwards  of  the  yellow 
protoxide. 

573.  Suhaaridi  of  Lead  (Pb^O)  may  be  prepared  in  a  state  of 
purity  by  cautiously  heating  oxalate  of  lead  at  a  tempcraturo  not 
eeding  SOO'^  in  a  retort  from  whioh  air  is  excluded,  ao  long  as 
'  gas  IB  evolved  i^ — 

2PbC,0,  =  Pb,0  +  CO  +  3C0,. 
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After  tlie  retort  has  become  cold,  suboxide  of  lead  wiD  be  found 
n  it  as  a  black  velvety  powder.  It  is  decomposed  by  acids,  with 
formation  of  salts  of  protoxide  of  lead,  and  separation  of  metailie 
lead- 

574.  Protoxide  of  Lead  (FbO),  commonly  called  litharge,  may 
be  obtained  as  a  lemon-yellow  pow^ier  by  gently  igniting  nitrate, 
carbonate,  or  oxalate  of  lead  upon  an  iron  plate,  or  in  an  open 
porcelain  crucible-  Tbe  oxide  fuses  at  a  rod  beat^  and  whca 
melted  in  vessels  of  porcelain  or  earthenware  it  rapidly  destroys 
them  by  combining  with  their  silica,  an  easily  fusible  alag  or 
glass  composed  of  double  sHicatoa  of  lead,  aluminum,  iron,  Ac» 
being  formed.  Silicate, of  lead  is  an  actual  eonstituent  of  the  eaaily 
fusible  variety  of  glass  known  as  ilint  glass  (see  §  492,  and  Ap- 
pendix, §  3). 

In  tbe  arte,  litbarge  is  prepared  upon  tbe  large  scale  by  heating 
metallic  lead  in  a  current  of  lur  ;  the  color  and  texture  of  the  pro- 
duct vaiies  considerably  Bccording  to  the  temperature  and  the 
other  conditions  under  which  it  haa  been  prepared, 

Exp.  20(5, — Heat  a  small  fragment  of  lead  upon  cbftrcoal  in  the 
oxidizinfT  flame  of  the  blowpipe,  and  obaene  the  gray  film  of  «ub- 
oxide  which  forms  at  first,  and  the  yellow  incrustation  of  Uiharg« 
which  is  obtained  subsequently.  The  litharge  may  be  melted  if  % 
itriingr^  hot  fiarae  be  thrown  upon  it. 

This  property  of  lead,  of  rapidly  oxi^liiting  when  heated  in  the  air, 
taken  in  connexion  with  the  easy  fusibility  of  the  oxido^  19  tbe  basia 
of  the  common  method  of  separating  lead  and  silver  in  the  large  way^ 
known  as  cvpcUittion.  The  iridescent  film  of  litb&i'ge  conttnuallT 
formed  npon  the  surface  of  the  molten  metal  as  incessantly  flow*  off, 
exposing  new  surfaces  of  the  metal  to  the  action  of  the  air.  Tb« 
silver,  on  the  other  hnufi,  undergoes  little  or  no  ehange^  and  when  th« 
lead  has  been  completely  burned  the  silver  appears  in  all  i Id  briUiani 
whiteness. 

The  cupel  is  a  shallow  cup  or  basin,  composed  either  of  marl  or  of 
mixture  of  bone-ash  and  wood-ashes  firmly  compacted  and  beaten  %o 
a  smooth  surface,  which  may  be  placed  either  :n  the  mufile  of  nn  aaAAV 
furnace,  upon  the  hearth  of  a  reverberot{>ry,  or  in  any  position  where 
it  can  be  strongly  heated  at  the  same  time  that  a  free  cniTent  of  air 
plays  over  its  surface.  A  charge  of  argentiferous  lead  having  b«sen 
melted  upon  the  cupel,  new  portions  of  the  lead  are  added  a«  fast  aa 
the  melted  litharge  fiows  o0  from  the  oonvex  surface  of  thu  metal  and 
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tSAlces  room  for  iHese  fidditioi)9^  until  an  alloy  very  lich  in  silver  haa 
Wd  obt4iined*  Thia  alloy  is  then  cupelled  until  the  lost  traced  of  lead 
hare  beea  removed,  and  the  silver  ia  left  pure  and  glistening.  In 
cupelling  upon  the  Binall  scale,  for  purposes  of  avsnyinpr,  the  cupel  is 
made  of  bone-ash  of  such  quality  that  the  litharge  may  be  absorbed 
into  the  substance  of  the  cupel,  and  not  flow  off  through  gutter*  upon 
its  edge,  as  is  the  case  in  large  metallurgical  operations* 

575.  Protoxide  of  lead  iinitea  readily  with  acids,  and  forms 
ly  important  salts.  When  in  the  state  of  powder,  it  even 
irbs  a  certain  amount  of  carbonic  acid  from  the  air  j  hence 
the  powdered  litharge  of  commerce  always  contains  more  or  less 
carbonate  of  lead,  and  therefore  effervesces  on  being  treated  with 
acids,  as  has  been  seen  in  Exp.  42.  As  a  general  rule,  it  is  far 
better  to  prepare  the  salts  of  lead  by  dissolving  tlie  protoxide  in 
acids,  than  to  treat  the  rautal  itself  with  acids.  Protoxide  of 
lead  has  a  remarkable  tendency  to  form  basic  salts ;  thus  besides 
the  normal  nitrate  (PbO,N/jJ  there  is  a  diuitrate  (2PbO,N,p,), 
0  trinitrate  (3PbO,N.pj),  a  tetranitrate  (4PbO,Nj^OJ,  and  a  hexa- 
aitrate  ((5PbO,X/*,). 

Though  a  strong  base  as  regards  the  acids,  protoxide  of  lead 
behsTes  Uke  an  acid  towards  the  alkalies  and  alkali  tie  earths. 
For  example,  it  dissolves  readily  in  soda  or  potash  lyo,  with  for- 
mation of  plumbito  of  sodium,  or  of  potztssiam,  as  the  case  may 
be.  The  term  plumbite,  like  the  symbol  of  lead,  Pb,  is  derived 
from  plumbum,  the  Latin  name  of  the  metal, 

57^-  Ptrou^ik  of  I^'ad  (FhO^)  may  be  prepared  by  oxidizing 
the  protoxide — for  example,  by  passing  a  current  of  chlorine  gas 
tbrough  water  in  which  protoxide  of  lead  is  kept  suspended  by 
agitation,  or  as  follows  > — 

Srp.  W7, — Place  8  or  10  grms.  of  very  finely  powdered  mi^ar  of 
lead  in  a  capncious  porcelain  dish,  cover  the  salt  with  a  flittered  solu- 
tion of  bleaching-powder  (J  503),  heat  the  solution  to  boiling,  and 
maintain  it  at  this  temperature^  until  the  escaping  vapors  smell 
itjongly  of  acetic  acid ;  then  pour  the  contents  of  the  dish  upon  a 
filter,  and  wash  with  water  the  dark-brown  powder  of  peroxide  uf 
lead  which  has  been  formed. 

Peroxide  of  lead  may  be  easily  obtained  also  by  digesting  red  lead 
with  dilute  nitric  acid,  as  will  appear  in  the  following  paragraph. 

Peroxide  of  lead  is  a  powerful  oxidizing  agent ;  it  readily  gives 
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up  oxygen  to  many  organic  substances,  even  at  the  ordinary 
temperatttre  of  the  air.  On  heing  heated  to  redness,  it  loses  half 
its  oxygen,  and  is  converted  into  the  protoxide. 

Exp.  29S.— In  a  small  porcelain  niortar,  rub  together  a  miztru^  of 
1  gnn.  of  oxdtc  acid,  and  1  grm.  of  peroxide  of  lead.  Deeompoeitiau 
will  occur,  aqueous  vapor  and  carbonic  acid  will  be  gi\en  off^  and  ear- 
honate  of  lead^  PbCO^,  will  be  left  as  a  residue.  When  the  poroxidd 
is  thus  mixed  with  one-eighth  \i^  weight  of  sugar,  or  with  one-»ltUi 
ita  weight  of  tartaric  acid,  so  much  heat  is  developed,  that  the  mm 
in  the  mortar  glows. 

Peroxide  of  lead  is  decomposed  by  chlorhydrio  acid,  with  libe- 
ration of  chlorine,  and  formation  of  normal  chloride  of  lead — 

PbO,  +   4bci  =  PbCl^  +  2H,0  +  ^Cl, 
— and  by  hot  sulphuric  acid,  with  evolution  of  oxygen.    It  com* 
bines  with  sulphurous  acid  readily,  and  is  often  employed  in  the 
laboratory  as  an  absorbent  of  this  gas;  and  it  is  notewort^^'  ♦^'^+ 
the  product  of  this  combination  is  sulphate  of  lead: — 
PbO,  +  80,  =   PbSO^, 
It  is  indifferent,  therefore,  whether  we  put  together  peroxida 
of  lead  and  sulphurous  add,  or  protoxide  of  lead  and  milphiuie 
acid ;  the  product  will,  in  either  case,  be  common  sulphate  d 
lead;  for 

PbO  +   SO,  =  PbBO,, 

As  a  rule,  peroxide  of  lead  does  not  readily  enter  into  combi- 
nation with  acids,   though  compounds  of  it  with  acetic,  pbos- 
torio,  arsenic,  and  some  other  acids  have  been  obtained.     With 

ong  bases,  however,  it  combines  readily,  foimiug  salta  known 
as  plumbates. 

577,  Red  Lead  or  Miniitm, — Wlien  protoxide  of  lead  is  kept 
at  a  low  red  heat  for  some  time,  in  contact  with  air,  it  gradually 

orbs  one  or  two  per  cent,  of  oxygen,  and  acquires  a  brilliant 
colon  The  product  of  this  oxidf»tion  is  extensively  used  as  a 
pigment  and  in  the  manufacture  of  mme  kinds  of  ghiss  waro;  il  | 
may  be  regarded  as  a  compound  of  PbO  and  PbO^^  in  Tarying 
proportions.  By  digesting  it  for  some  time  in  dilute  nitric  acid, 
the  protoxide  of  lead  may  all  be  dissolved  out  and  converted  into 
nitnite  of  lead,  while  the  peroxide  of  lead  is  left  aa  a  residue  ;^ 

2PbO,PbO,  +  2H,N,0.  wm  2PbN.O.  +  2tt,0  +  PbO^ 
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Erp.  299* — Ht>at  in  an  iron  spoon  4  gniu.  of  lithftrg«  and  1  grm»  of 
elilorate  of  potB^sium,  and  observe  tlijit  the  color  of  the  mixUire  aoon 
changes  from  yellow  to  red.  Throw  the  cooled  product  upon  a  filter^ 
wash  it  with  water,  then  dry  it  and  compare  its  color  with  that  of  the 
original  litharge.  In  this  experiment,  the  red  lead  could  be  obtained 
•3  well  by  simply  heating  litharge  without  admixture  in  the  air  for 
many  hours,  at  a  temperature  juiit  below  its  melting-point;  time  alone 
is  grained  by  employing  chlorate  of  potassium  as  the  source  of  oxjgeo. 
For  commercial  purposea,  red  lead  is  obtained  bj  lieating  metallic  lead 
m  reverberatory  furoaccR,  or,  when  a  very  pure  article  is  needed,  bj 
Beating  carbonate  of  lead. 

When  heated  strongly,  red  lead  ii  resolved  into  protoxide  of  lead 
•ad  free  oxygen.  Oxygen  gaa  may  be  preptu^d  from  it  in  the  sume 
mamier  as  hom  oxide  of  mBrcurj  (Exp.  5),  though  at  a  higher  tem- 
perature. 

578.  SenqmoxicU  af  Lead  (Pb,Oj)  is  recognized  aa  a  diatinot 
oxido  by  some  chemists,  but  is  more  generally  regarded  as  a 
compound  of  the  proto-  and  peroxides,  PbO,  FbO,, — a  plumbate 
of  lead. 

679.  SutpJiidfS  of  Lead. — ^There  arc  seTeral  of  theaa  com- 
pounds, but  the  protosnlphide,  PbS,  is  the  only  one  whose  com- 
position is  accurately  known.  This  sulphide  is  the  native  mineral 
galena  (§  570) ;  it  may  be  prepared  artificially  either  by  melting 
together  lead  and  sulphur  in  atomic  proportions,  or  by  treating 
the  solution  of  any  lead  salt  with  sulphydrio  acid  (§  209).  The 
native  mineral,  like  the  compound  oh  tain  ed  artificially  by  way  of 
fusion*  is  of  a  leaden-gray  color  of  7*5  specific  gravity,  but  the 
precipitate  which  forms  when  snlphydric  acid  is  added  to  the 
solution  of  a  lead  salt,  is  black,  or  brown,  or  even  red  if  the 
solution  be  dilute.  On  account  of  the  deep  color,  as  well  as  the 
insolubility  of  this  precipitate,  sulphydrio  acid  is  often  made  use 
of  as  a  means  of  detecting  lead ;  the  test  is,  in  fact,  so  delicate 
that  solutions  containing  only  a  hundred  thousandth  of  their 
weight  of  metallic  lead  will  assume  a  brown  color  on  being 
charged  with  sulphuretted  hydrogen. 

Exp.  300. — Dissolve  quarter  of  a  gramme  of  sugar  of  lead  in  4  litres 
of  wat4ar,  add  to  the  sol  ition  a  few  drops  of  nitric  acid  so  that  it  shall 
exhibit  a  faint  acid  reaction  with  litmus-paper,  pass  into  the  solution 
a  current  of  stilphydric  acid  gas  tintil  the  golulion  smells  stronj^ly  of  it 
and  observe  the  brown  color  imparted  to  the  fluid  after  some  time, 
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In  testing  for  the  presence  of  lend  in  exce^^^ively  dilute  boI 
erieh,  for  example,  iia  water  drawn  from  leaden  pipea,  it  is  well  to 
evHpomte  the  liquid  to  a  fitnall  bulk  in  a  porcelain  dif^h,  to  Hj^idiiUte 
tlie  concentrated  liquor  very  filij2:lilly  with  nitric  acid,  and  then  to 
trimsfer  it  to  a  beaker  glo^s.  The  liquid  ahoidd  then  bo  saturated 
with  Bulphuretted  hydrogen  gas,  tlie  beaker  covered  with  a  gloss  plate, 
and  left  to  stand  during  several  houra  in  a  moderately  warm  room* 
If  lend  be  presentj  it  will  be  indicated  after  a  while  either  by  the 
brown  colomtion  of  the  liquid,  or  by  the  actual  separation  of  a  bhick 
powder  at  the  bottom  or  upon  tbe  aides  of  the  gla'^. 

580.  Sulpliide  of  lead  is  volatile  at  high  terap<?ratiire«,  and  is 
often  found  in  the  cracks  and  upon  the  walla  of  smelting  fur- 
nacea,  in  the  form  of  crystals,  which  have  been  deposited  by  sub- 
limation^' By  virtue  of  the  volatility  of  its  sulphide,  lend  may  b* 
transported  to  vciy  considerable  distances  from  furnaces  whiire 
ores  contniiiing  galena  are  roasted  or  reduced*  It  has  been 
found,  moreover,  that  growing  plants  are  capable  of  taking  up 
the  lead  thus  deposited,  nnd  of  assimilating  a  certain  portion  of  it 
in  their  tissues.  Comparative  expoiiments  made  at  very  bigb 
temperatures  have  fihown  that  galena  may  lose  as  muc^  oa  UT 
per  cent,  of  its  weight  by  volatilization,  while  mcbillic  lead,  ex- 
posed to  the  same  conditions,  loses  less  than  01  per  cent. 

8ulphid(?«t5f  le.id,  like  tho  sulphides  of  the  alkali -metals  anil 
those  of  the  alkaline-earthy  mctala,  acts  as  a  sulphur  baa*'; 
with  Hulphantimonic  acid,  for  example,  it  unites  to  form  a  toltt 
;^rhS,SbS|j,  analogous  to  that  formed  by  the  union  of  aDtLiEi0iii» 
aeid  and  oxhk'  of  lend,  3FbO,8bO,. 

5S1.  Chhr'nh  of  Lead  {VWl^), — Metallic  lead  is  but  alowlf 
acted  upon  by  chlorine,  or  by  chlorhydric  acid,  though  hot  clilor* 
hydrio  acid  dissolves  a  little  of  it  with  formation  of  ebloride  of 
lead  and  evolution  of  hydrogen,  eveii  when  out  of  eonlaet  \nth 
tho  air;  the  chloride  may,  however,  be  readily  prepared  by 
digesting  oxide  or  carbonate  of  lead  in  chlorhydric  acid*  or  bf 
mixing  the  solution  of  almost  any  lead  salt  ^uith  chlorhydric  add, 
or  with  a  solution  of  some  soluble  chloride : — 

FbN.O,  +  2NaCl  ^  PbCl,  +  Na.N.O,. 

Chloride  of  lead  is  but  sparingly  soluble  in  cold  water,  an3 
lit  ill  less  aoluble  in  water  acidulated  ^ith  chlorhydric  acid ;  benco 
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it  may  reaolly  be  prccipitotod  as  above  described,  and  collected 
upon  a  fill  1.     In  hot  water,  however,  it  dissolves  rather  easily, 
it  is  somewhat  soluble  in  concentrated  acid  also. 

ap,  801. — Boil  tot^ther,  in  a  amall  flnsk,  1  grm.  of  lithnrg^e,  14 
prma.  of  strong  chlorbydric  ficid,  and  14  fpnnB.  of  water,  diinng  15  or 
20  minutes.  Pour  the  mixture  upon  a  filter  supported  in  a  funnel 
wlucU  haa  been  gently  warnied  by  holdinjjf  it  o%*er  the  flame  of  the 
gas-lamp,  and  eoUect  the  clear  filtrate  in  a  warm  bottle.  A^  the  solu- 
tion cooIf,  lustrous  needle-shaped  crystals  of  chloride  of  lead  will 
form  in  it 

E.tp,  202, — Pour  off  the  cold  supernatant  liquor  from  the  crystals  of 

I  chloride  of  lead  obtained  in  Exp,  301,  plncc  the  crystals  upon  a  frag- 
ment of  porcelain,  dry  them  at  a  j:entle  heat,  and  finally  heat  them 
morn  8troni?ly.  It  will  be  found  that  the  crystals  melt  tery  easily, 
and  thnt  on  cooliug^  they  solidify  to  a  soft  tranftlucent  homy  mass, 
whence  the  old  name  of  this  substancei  horn-lrad, 

■  682»  The  compounds  of  lead  with  iodine,  bromine,  and  fluorine 
arc  analogous  to  chloride  of  lead.  The  iodide  is  remarkable  on 
account  of  its  beautiful  yellow  color,  which  may  readily  be  shown 
by  adding  a  drop  or  two  of  a  solution  of  iodide  of  potassium  to  a 
small  quantity  of  a  solution  of  nitrate  of  lead. 

Of  the  numerous  other  salts  of  lead  little  need  here  be  said. 

The  nitrate  and  tartrate  have  already  been  prepared  (Exps,  42, 

^■295);   we  have  obtained  the  sulphate  also  as  a  white,  nearly 

^"^  insoluble  powder  by  adding  water  to  concentrated  sulphuric  acid, 

and  it  may  be  had  in  any  quantity  by  mixing  the  solution  of  a 

lead  salt  with  dilute  sulphuric  acidj  or  with  the  solution  of  a 

I  soluble  sulphate.  Acetate  of  lead,  one  of  the  most  important  of 
the  lead  salts,  and  the  on©  most  readily  to  bo  procured  in  com- 
merce in  a  state*  of  purity,  is  prepared  by  dissolving  oxide  of  lead 
directly  in  acetic  acid  such  as  is  obtained  in  the  distillation  of 
wood  (§  380J,  or  indirectly  by  moistening  plates  of  metallic  lead 
with  vinegar  in  vessels  open  to  the  air.  It  crystallines  reatlUy, 
is  easily  soluble  in  water,  and  has  a  sweet,  astringent  taste, 
whence  the  name,  sutjar  of  had.  Like  the  other  luad  salts,  it  is 
highly  poisonous.  It  is  employed  for  many  purposes  in  the  arts, 
H  and  is  in  particular  much  used  in  medicine.  Carbonate  of  lead 
"  (PbCOj),  or  rather  compounds  of  carbonate  of  lead  and  of  hydrate 
of  lead  in  varying  proportions^  are  used  to  an  enormous  extent  as 
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a  white  pajnt,  under  the  general  Dnme  of  tvJnte  Ifa^»  ITie  CODQ- 
poaition  of  (his  ijiihstance  may  usually  be  expressed  by  a  formulti 
lying  within  the  limits  PhCOj^PbH^^,  upon  the  one  hand,  aud 
3PbC0j,PhH^0.^  on  the  other.  Aa  contrasted  with  the  other 
white  pigments  it  possesaes  remarkable  covering-power  and  dtit»- 
bility,  and  is  con^ieqiiently  much  esteemed  in  spite  of  its  high 
cost,  its  injurious  influence  upon  the  health  of  worlcmen  who 
bave  to  do  with  it,  and  the  fact  that  it  is  discolored  by  air 
containing  sulphuretted  hydrogen*  White  lead  is  often  adol- 
terntcd  with  sidphate  of  barium,  with  oxide  of  xinc,  and  with 
gypsum.  It  is  usually  pi^pared  by  bringing  carbonic  add,  ob- 
tained from  decaying  vegetable  matter,  or  from  the  combustion  of 
fuel,  into  contact  with  basic  acetate  of  Icad,^ — the  latter  being  pre- 
pared in  this  case  either  by  mixing  litharge  and  vinegar  to  iho 
consistence  of  a  paste^  or  by  exposing  rolls  of  sheet  lead  to  tbe 
simultaneous  action  of  vapors  of  vinegar  and  air,  or  by  actually 
dissolving  an  excess  of  litharge  in  vinegar.  Sometimes  Utc  car- 
bonic acid  is  made  to  act  upon  the  subacctate  at  the  very  momeat 
when  it  is  being  formed,  while  at  other  times  the  acetate  is  pre* 
pared  by  itself,  and  subaef|uently  treated  with  carbonic  acid* 

583,  Silicate  of  lead  is  of  interest  from  being  an  important 
ingiedient  of  flint  glass ;  a  certain  proportion  of  it  renden  ^tm 
lustrous  and  very  beautiful.  Such  glass  is,  however,  soft,  easily 
fusible,  and  incapable  of  bearing  sudden  changes  of  temperatur?; 
it  is,  moreover,  rather  easily  acted  upon  by  alkalies^  acids,  and 
other  chemical  agents,  and  is  hence  comparatively  uselesn  in  Ui6 
chemical  laboratory, 

584.  In  many  points  of  chemical  behavior  the  compound*  of 
lead  resemble  more  or  less  clearly  the  corresponding  compound* 
of  barium,  strontium,  and  calcium.     Its  compounds  are  moreover 

somorphous  with  those  of  the  metals  in  question,  and  it«  atom, 
like  the  atoms  of  these  metals,  is  bivalent.  Lead  is  thcrefoiv 
classed  as  a  member  of  the  calcium  group,  though,  as  is  the  tmt^ 
with  fluorine  in  the  chlorine  group,  it  diflers  in  some  roipecti 
from  the  other  members  of  the  family.  The  specific  gravity  of 
lead  is  11'4^  and  its  atomic  weight  207.  The  epeoific  gravity  ef 
carbonate  of  lead  is  6-5^  and  that  of  sulphate  of  lead  m  Q'2, 
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XAGNESIU  M — Z  I  N  C — C  A  D  M  I  U  U. 
KA0NESIX7K. 

685.  This  metal,  or  rather  its  oxide,  was  formerly  classed  with 
the  group  which  comprises  the  alkaline  earths,  but  it  is  now 
known  to  bo  more  closely  connected  with  zinc  and  cadmium  than 
'with  any  other  of  the  elements.  It  is  found  widely  diffused,  and 
rather  abundantly,  in  nature.  The  bitter  taste  of  sea- water  and 
of  some  mineral  waters  is  due  to  the  presence  of  magnesium  salts, 
while  silicate  of  magnesium  and  carbonate  of  magnesium  are  con- 
tained in  a  variety  of  minerals  and  in  such  common  rocks  as 
dolomite,  serpentine,  soapstone,  and  talc. 

686.  Metallic  magnesium  may  be  prepared  by  heating  anhy- 
drous chloride  of  magnesium  with  sodium  in  a  crucible  of  por- 
celain or  platinum,  and  subsequently  dissolnng  out  in  cold  water 
the  chloride  of  sodium  which  results  from  the  reaction.  Mag- 
nesium is  a  lustrous  metal,  as  white  as  tin ;  its  specific  gravity  is 
1*75,  and  its  atomic  weight  24.  It  does  not  tarnish  in  dry  air, 
though  in  damp  air  it  soon  becomes  covered  with  a  film  of  hy- 
drate of  magnesium.  It  melts  at  a  low  red  heat,  and  volatilizes 
at  higher  temperatures ;  it  may  be  readily  distilled  at  a  bright 
red  heat.  When  heated  strongly  in  the  air  it  takes  fire  and 
burns  with  a  bluish-white  light  of  great  brilliancy  and  high 
actinic  power.  The  metal  is  employed  by  ])hotographer8  for 
illuminating  caverns  and  other  places  into  which  sunlight  cannot 
penetrate,  and  in  cloudy  weather  it  is  even  used  by  them  as  a 
substitute  for  daylight.  The  metal  can  be  pressed  into  wire  or 
into  thin  ribbons,  and  a  considerable  quantity  of  it  is  now  used 
in  both  these  forms  for  purposes  of  illumination,  as  above  stated. 
Magnesium  lanterns  are  much  used  in  theatres  for  illuminating 
scenery  and  tableaux.  The  white  light  has  the  advantage  of 
showing  colors  just  as  they  look  by  daylight.  For  scenic  effects 
the  light  may  be  modified  by  transmission  through  colored  glass. 
Magnesium  is  only  slowly  acted  upon  by  cold  water,  but  is 
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rapidly  oxidized  by  hot  water  and  by  water  acidolatod  wttb 
almost  any  acid ;  oxido  of  magnesium  is  formed  and  hydrogen 
set  free. 

5S7*  0.ade  of  Magnesium  (MgO).^ — There  ia  but  one  com- 
pound of  maf^iicsium  and  oxygen;  it  is  obtained  as  a  white 
amorphous  powder  when  magnesium  is  burnt  in  the  air,  or  \K}^f'^^ 
carbonate,  chloride,  or  nitrate  of  magnesium  is  ignited. 

Erp,  .30S.— Knll  10  or  12  cm,  of  magnesium  wire  or  ihh 
into  a  coil  around  a  sinall  pencil;  withdraw  the  pencil  imd  ] 
its  fltead  a  piece  of  iron  wire  or  n  liuitting-needle  ;  holding  thiii  wim 
horizontally,  apply  a  lighted  motch  to  the  end  of  the  magnpsium  coil;* 
the  magnesium  will  bum  to  the  white  oxides  which  coh<?re^  in  an  im- 
perfect coil,  clinging  to  the  iron  wire.  A  portion  of  the  oxide  gocfi  off 
as  white  smoke.  The  mngnepiiun  wire  for  thifl  experiment  may  br 
procured  at  toy-ahopa  as  well  as  of  dealers  in  tine  chemicals. 

The  oxide  is  tasteleBs  and  odoiless ;  it  is  soluble  to  a  Tdy 
alight  extent  in  water,  and  the  solution  has  an  alkaline  renctioa. 
Tbo  speciiie  gravity  of  the  solid  oadde,  or  mognesia,  as  it  is  often 
called,  vanes  from  307  to  3*2  as  ordinaiily  prepared;  but  on 
being  very  strongly  ignited  it  becomes  denser,  and  samples  haro 
been  prepared  in  this  way  of  specific  gravity  as  high  as  iVGL 

The  light  powd*"ry  oxido  of  magnesium  known  as  **  calcined 
magnesia,'^  which  ia  prepared  by  gentle  but  prolonged  iguitioii 
of  the  hydra  ted  car  bona  te»  differs  materially  in  several  parti- 
culars from  the  more  compact  oxide  obtained  by  calcining  nitrsto 
or  chloride  of  mjignesium  at  high  temperatures,  or  by  intensely 
heating  the  powdery  oxide.  Common  calcined  magnesia  is,  for 
example,  readily  soluble  in  acjda ;  but  after  the  oxide  has  been 
exposed  to  very  high  temperatures  it  dissolves  but  slowly  even  in 
the  strongest  acids,  Similar  differences  between  the  products  ob- 
tained at  high  and  at  low  temperatures  are  met  with  among  the 
oxid«*s  of  almost  all  the  metals  hereafter  to  bo  studied. 

588.  A  compact  variety  of  oxide  of  magnesium,  obtained  by 
heating  the  nitrate  or  chloride  to  bright  redness,  but  no  higher, 
exhibits  remarkable  hydraidxc  properties.  On  being  wet  it 
quickly  combines  with  a  portion  of  water,  and  is  converted  into 
a  crystalhzed  hydrate  of  compact  texture,  harder  than  marb!o» 
and  of  great  durability. 


A  mixture  of  cqnnl  parts  of  the  Kydranlic  isiagnesia  and  of 

[chalky  or  powdiTud  marble,  made  into  paste  with  water,  yields 

tt  slightly  plastic  roa^is,  which  admits  of  being  rcudily  pres^od 

I  into  aay  desired  shape ;  if  the  moulded  material  bo  then  placed 

in  water  it  will  becom6|  after  some  timOf  extremely  hard  and 

compact  (§  501). 

Oxide  of  magnesium  is  altogether  infusible  at  terapernturca 
ehort  of  that  of  the  oxyhydrogen  llame.  Very  excellent  cru- 
cibles for  scientific  purposes  are  prepared  by  comprciising  oxido 
of  magnesium  into  suitable  forms.  These  crui  ibies  undergo  far 
less  change  in  the  air  than  those  made  from  lime ;  and  like  tho 
Hmo  crucibles  they  do  not  unite  with  oxide  of  Iron  and  the  othor 
metallic  oxides  to  form  the  fusible  slags  or  glasses  which  are  so 
annoying  in  the  ordinary  crucibles^  of  which  silicic  add  ia  &q 
essential  component. 

689.  ChfonJe  of  Magnmum  (Mgdj)  is  found  in  sea- water 
and  in  many  saline  springs.  It  is  formed  when  maguebium 
is  burnt  in  chlorine  gas,  when  a  current  of  chlorine  is  passed 
over  a  red-hot  mixture  of  charcoal  and  oxide  of  magnesium, 
and,  in  combination  with  water,  by  dissolving  oxide  of  mtig- 
n&<iium  in  chlorhydric  acid.  It  is  remarkable  that  the  hydrated 
chloride  last  mentioned  cannot  be  made  anhydrous  by  evaporation 
and  ignition  without  some  decomposition  of  the  chloride;  • 

»of  magnesium  is  formed  and  chlorine  goes  off  in  combin  i 
with  hydrogen  as  chlorhydric  acid.  * 

690.  SitlithaU  of  Mirjneitium  (MgSO,),  or  rather  the  hydrut^-d 
compound  (MgS0^+7H^O),  is  largely  employed  as  a  medicauiont 
under  the  name  of  Kpsom  salts.  It  is  obtained  not  only  from 
»thc  mineral  spring  at  Epsom,  in  England,  and  from  various  other 
Bprings,  but  is  also  prepared  from  sea- water,  and  by  dissolving 
the  minerals  serpentine  (silicate  of  magnesium),  magncsite  (car- 
bonate of  magnesiium),  and  dolomite  (carbonate  of  magnesium 
and  of  calcium),  in  sulphuxic  acid.  Hydrated  sulphate  of  mag- 
nesium is  a  colorless  crystalline  salt,  readily  soluble  in  water^ 
and  posseting  the  peculiar  bitter  taste  common  to  moat  of  the 
soluble  magnesium  compDUuds.  It  is  often  employed  in  1  - 
ratoricd  aa  the  source  from  which  to  prepare  other  magn* 
salts. 
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591-  Carhonate  of  Magne$mm  (MgCO,)  is  found  ds  a  mmerBl 
in  nature,  and  with  due  care  may  be  prepared  artiEcialljr.  Ab 
met  with  in  commerce,  however, — the  niagntsla  aU*a  of  th« 
ehopa,  pre()ared  by  mixing  hot  solutions  of  sulphate  of  maguesimn 
and  carbonate  of  sodium, — ^it  is  mixed  with  varying  proportioas 
of  hydrate  of  magnesium.  This  compound  is  cmph)yed  as  ik 
medicament.  A  compound  of  carbonate  of  magnesium  and 
carbonate  of  calcium  occurs  abundantly  in  nature  as  the  mtncnd 
dolomite,  constituting  extensive  beds  in  various  regious.  Dolo- 
mite is  much  mora  slowly  soluble  in  acids  than  true  limestottCi 
bnt  when  heated  with  a  dilute  acid  it  effervcgces  readily.  When 
burnt,  at  temperatures  so  low  that  the  caibonic  acid  »hall  be 
expelled  only  fi-om  the  magnesium  saU,  while  the  cnrboaatc  of 
calcium  remains  unaltered,  dolomite  affords  an  hydraulic  cement, 
preferable  in  many  respects  to  ordinary  lime.  The  prodact  dl 
the  calcination  "sets"  rapidly  under  water,  and  is  converted 
into  a  hard  compact  stone  (§  588),  Citrate  of  raagnestum,  i 
preparation  made  from  carbonate  of  magDcsium  and  citria  acid, 
is  also  largely  employed  as  a  medicament. 

Of  the  other  salts  of  magnesium,  none  are  of  suQicient  im- 
portance to  be  described  in  this  manuah  ITost  of  them  aro 
easily  soluble  in  water;  hence  the  insoluble  double  phospbato 
of  magnesium  and  of  ammonium  (MgNlI^PO^+GH^O),  obtained 
by  adding  ordinary  diphosphate  of  sodium  to  a  mixture  of 
ammonia- watt r  and  any  magnesium  salt,  is  of  iraportanc©  to 
the  analyst,  since  by  means  of  it  magnesium  may  bo  separated 
lipom  its  solutions.  It  should  be  observed  that  the  ready 
solubility  of  sulphate  of  magnesium  is  in  marked  contrast  wlUl 
the  insolubility  of  the  sulphates  of  the  alkaline- earth/  group 
ofmetala* 

ZTKO; 

61*2-  Ores  of  zinc  occur  in  oonsiderable  abundance  tn  scviMtl 
locahties.  The  metal  is  extracted  from  the  carbonate,  oxide, 
silicate,  and  sulphide.  The  carbonate  and  suliibido  ore  first 
roasted  in  ordc^r  t^^  convert  them  into  oxides,  and  the  oxide  il 
then  reduced  by  means  of  hot  charcoal,  in  earthen  retorts  or  in 
crucublca  provided  with  iron  delivery- tubes.    Since  metallic  lioo 
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is  Tolatile  &t  high  temperatures,  it  distils  over  from  the  retortu 
aa  fast  aa  it  is  formed  and  is  condensed  in  receivers. 

Zinc  is  a  bluish-white  metal  of  crjetalUne  texture,  brittle  at 
the  ordinary  temperature,  and  also  when  heated  above  200"^,  but 
a  temperature  of  about  130"  or  140°  it  may  casUy  be  rolled  out 
or  hammered  into  sheets.  The  metal  melts  at  425^  and  boils  at 
a  bright- red  heat ;  in  presence  of  air  the  red -Lot  metal  takes  firo 
and  bums  with  a  bnlliant  bluish-white  light  and  formation  of  a 
dense  cloud  of  white  oxide  of  zinc. 

Krp.  304.— Melt  200  or  300  grms.  of  metaHic  zinc  in  a  smatl 
Ht'^ian  crticibldf  or  in  an  iron  ladle^  placed  in  an  anthracite  fire* 
Ilemove  the  crucible  from  the  fii-e  by  meims  of  appropriate  tongs 
(AppeudLx,  J  27)t  and  pour  its  contents  in  a  very  fine  str«?am  into  a 
pail  full  of  cold  water^  taking  care  to  hold  the  cruciblt?  at  a  distance 
of  5  or  0  feet  above  the  pail  Replace  the  empty  crucible  in  the 
fire,  in  order  that  it  may  be  ready  for  Exp.  305. 

The  small  thin  pieces  of  zinc  which  wlU  be  found  in  the  p«ul  when 
the  wntei*  i»  poured  away,  are  known  aa  granuhted  or  fcathtred  zinc. 
Thia  process  of  granuktion  may  be  conveniently  applied  to  any  of  the 
cihet  easily  fusible  metals,  such  as  bismuth,  lead,  or  tin,  when  they 
are  required  in  a  finely  divided  condition. 

Granulated  siinc  is  much  used  in  chemical  laboratories^  for  a  variety 
of  purposes,  hut  particularly  for  preparing  hydrogen  (§  60),  In  order 
that  it  may  be  fit  fur  this  purpose,  it  is  best  to  heat  the  melted  metal 
nearly  to  redness  before  pouring  it  into  the  water;  for  it  haa  been 
noticed  that  when  zinc  is  melted  at  the  lowest  possible  temperature 
and  then  immediately  poured  into  water,  the  granules  obtained  are 
but  slowly  acted  upon  by  dilute  sulphuric  acid,  while  aoothcr  purtion 
of  the  e§ame  metal,  heated  nearly  to  redn&^,  and  then  granulated,  is 
readily  soluble  in  the  acid.  If  the  hot  metal  be  poured  upon  a  warm 
iron  plate,  it  will  be  found  to  be  still  more  readily  soluble  in  acids 
than  that  which  has  been  suddenly  cooled  by  the  water. 

JErp.  305.— Dry  20  grras.  of  the  granulated  zinc  of  Exp.  304,  and 
mix  it  intimately  in  a  mortar  with  40  grms,  of  crude  saltpetre  j  pemova 
th©  empty  crucible  of  Exp.  304  from  the  tire,  and  place  it  in  such 
poi^ition  that  any  fumes  which  may  subsequontly  be  evolved  from  it 
aholl  be  drawn  into  the  chimney.  By  means  of  &  spuon  or  ladle, 
project  into  the  red-bot  crucible  the  mixture  of  zinc  and  saltpetre, 
takiuj^  rare  to  stand  away  as  far  as  possible  fi^m  the  crucible,  Tho 
metal  will  hum  fiercely,  at  the  expense  of  the  oxygen  in  the  saltpetre, 
for  the  mo8t  part^  though  a  portion  of  it  will  be  volatilized  by  the 
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intense  heat  of  combustiOBi  and  conrerted  into  oxide  of  sine  in  the 
air.  The  residue  in  \hfi  cnicible  is  a  soluble  compound  of  oxide  ol 
zinc  and  pota<h,  known  as  silicate  of  potassium* 

If  a  ati'ip  of  thin  sheet  zinc  be  held  in  the  flame  of  the  giis-lampi 
it  can  readily  be  burned  to  oxide.  The  experiment  i^ucceeda  best 
with  zinc  leaf^  which  instantly  bums  with  a  vivid  iiame  and  fordia- 
tion  of  lloatinp^  flocks  of  the  white  oxide.  In  oxygen  gas,  leiac  bumi 
with  peculiar  brilliancy, 

Zinc  is  not  much  acted  upon  eitbor  by  moist  or  dry  air  at  1 
ordinary  tempera tn re;  but  a  fresh,  bright  surfaee  of  it»  whd 
exposed  in  a  moist  atmosphere,  soon  tarnishes  and  becomof 
covered  with  a  thin  film  of  basic  carbonate  of  zinc;  which  adhetea 
closely  to  the  metal^  and  protects  it  from  further  change,  Omng 
to  this  durability,  the  metal  is  much  used  in  the  form  of  shteta. 
Bhcet  iron  and  iron  wire  are  often  covered  with  a  protecting  coating 
of  zinc  by  siniplo  imraension  in  melted  zinc,  and  are  then  said 
(most  improperly)  to  be  gahaniztd.  The  specific  gravity  of  stino 
varies  from  6  8  to  7'3  ;  its  atomic  weight  is  65.  « 

5t>3.  Zinc  is  readily  attacked  and  dissolved  by  acids,  with 
evolution  of  hydrogen  in  most  instances.  The  chemical  action  of 
dilute  acids  upon  zinc  is  a  very  common  source  of  that  peculiar 
mode  of  force  called  a  galvanic  current.  There  are  few,  if  any, 
chemical  reactions  which  cannot  be  made  to  produce  elect  >* 
and,  in  general,  the  more  powerful  the  chemical  action,  the  ^ 
powerful  is  the  electrical  action  which  results. 

Eyj}.  300. — Solder  a  piece  of  stoat  copper  wire  to  one  end  of  a  strip 
of  shott  zinc,  4  cm*  wide  by  10  cm.  long.  The  saldcring  will  ^>p 
readily  effected  bv  rubbing  the  zinc  and  the  wire,  in  the  vicinity 
proposed  place  of  contact,  with  a  iitrong  aululion  of  chloride  ni 
befoi-^  applying  the  melted  solder*  In  the  same  wfty,  soMer  a  simiii 
wire  to  a  like  ^trip  of  bright  sheet  copper.  Place  the  tflripji  of  iin 
and  copper  in  a  tumbler  filled  with  water,  acidulated  with  1*12th  lo 
1-lOth  its  volume  of  eulphuric  acid,  in  «uch  a  way  that  the  two  strips 
Bhnll  not  tourh  each  other  either  within  or  without  tli©  liquid.  So 
long  as  the  wires  coming  from  the  strips  of  metal  do  not  touch  each 
other*  the  copper  remains  quiescent,  whilM  the  zinc  is  attacked,  and 
bubhlefl  of  gas  riae  from  its  surface;  but  if  the  two  copper  wires  are 
brought  into  close  con  tact »  by  means  of  a  binding-screw^  of  by  \m 
npplicHtioii  of  aulder,  the  following  phenomena  occur  : — Ist.  Minnt<) 
bubbles  of  hydrogcu  gas  will  be  evolved  from  the  surface  of  the  copper 
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plate*  9nA*  The  xinc  dissolves  more  mpidJy  than  before;  nt  the 
H  clone  of  tbe  experiment  sulphate  of  tine  may  be  recovered  from  the 
H  liquid  in  the  beaker.  3rd.  This  transfer  of  the  hydrogen  from  the  tine 
H  to  the  copper  instantly  ce&eea  if  the  cotituct  between  the  wires  ia 
^L  destroyed.  4th,  If  the  two  wires  be  connected  with  the  two  ends  of 
^■A^  coil  of  wire  which  surrounds  the  tDrtg:iit'tic  neciUe  of  the  common 
^^^KTanometer^  the  detJection  of  the  suspended  needle  will  demom^trale 

the  fact  tliat  an  electric  current  is  passing  through  the  wiiea  ^m  one 
^  phite  of  metal  to  the  other* 

H  This  conrcrsion  of  chemical  force  into  electrirnl  force  ia  a  stri- 
king illustration  of  the  doctrine  that  all  pbysictd  forces  ore  corre- 
lated. The  preceding  experiment  well  LUustratea  the  principlo 
on  which  a  large  class  of  batteries  employed  iu  telegrapUiiig  and 
in  electro- metallurgy  are  constructed  and  worked,  except  that 
the  corrosion  of  the  zinc  is  generally  hindered  by  coating  it  with 
mercury.  Arliticial  products,  like  metals,  acids,  and  saline  solu- 
tions, are  nsed  to  supply  all  the  chemieal  force  which  is  imme- 
diately converted  into  and  utilised  as  electrical  force  in  tbe  useful 
arts.  We  have  not  yet  eucceedcd  in  realizing  as  electricity  any 
I  considerable  proportion  of  tne  prodigious  chemical  force  which  ia 
[  incessantly  active  in  tbe  common  processes  of  combustion, 

594.  Zinc  dissolves  in  hot  solutions  of  the  caustic  alkalies  as 
f  well  as  in  acids ;  bydiogen  is  given  oW  and  a  zincate  of  the  alkali 
I  formed : — 

Zn  +  2NanO  =  Na,ZnC\  +  2U. 
When  immersed  in  the  solution  of  a  lead  salt,  such  as  the 
f  nitrate  or  acetate,  zinc  dissolves  and.  lead  is  deposited  in  tbo 
i  metallic  state : — 

PbN.O.  -h   Zn  =  ZnK.O,  +  Pb, 
Krjx.  307.— Dissolve  10  grms,  of  acetate  of  lead  in  250  c.  c.  of  water, 

add  a  few  drops  of  acetic  acid  in  order  to  disfiolve  the  cloudy  preeipi^ 
I  tate  of  carbonate  of  lead,  which  is  formed  from  the  carbonic  acid  in 
,  the  water,  pour  the  solntion  into  a  wide-mouthed  bottle  and  suspend 

in  it  from  the  cork  a  strip  of  sheet  «inc.  The  zinc  will  soon  le  covered 
\  with  a  brilliant  coating  of  crystalline  span^rlej)  o(  metallic  lead,  and 
.  this  crystalline  vegetation,  as  it  were,  will  ishoot  out  or  grow  even  as 

fiir  as  thtt  (ddes  of  the  bottle*  In  the  course  of  24  hours  all  the  lead 
I  wiUliftVe  been  deposited  from  the  solution,  and  the  latter  w'dl  contain 
I  nothing  but  acetate  of  aina    Under  the  conditions  of  this  experiment^ 
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and  as  a  general  riile^  due  is,  chemically  spMaking,  a  snong»'r  or  mnn 
basic  oleinent  than  lead  ;  it  is  cBpable  of  di^placing^  lead  from  its  com- 
pounds.  The  growth  of  lead,  witnessed  in  ihia  experiment,  in  frv- 
quentljr  spoken  of  as  a  lend  itee\  the  eipei'jm«^tit  b  ol'ton  p«ifoniitfd  in 
chemical  kburatoriea  for  the  sake  of  the  chemically  pure  lead  which 
it  fiiniL^hea. 

Many  other  metals  besides  lead  may  be  thus  thrown  down  by  tlnc^ 
and  the  zinc  may  itsidf  be  replaced  hy  other  metallic  precipitant^^  Xbf 
whole  series  of  experiments  of  which  the  one  here  indicated  tnay  be 
taken  aa  the  type,  is  interesting  as  illustrating  the  general  hiw  of  the 
replacement  of  metals  one  hy  another  in  atomic  proportiotu^  and  firom 
the  fact  that  by  means  of  these  experiments  the  atomic  weijrht  of 
various  metals  may  readily  be  dttermined.  For  example,  if  in  the 
foregoing  experiment  the  piece  of  zinc  be  weighed  before  antl  ftft*!r  its 
immersion  in  the  acetate  of  lead,  and  if  the  precipitated  lead  b^^  al^o 
weighed,  it  will  be  found  that  the  weijrht  of  lead  obtained  is,  to  the 
weight  of  Einc  dissolved,  very  nearly  as  207  is  to  60,  the  atomic  w*  ights 
of  lead  and  zinc  respectively.  The  atom  of  zinc  dissolved  ha«  lephvced 
in  the  solution  the  atom  of  lead  which  was  precipitated.  By  the  ci* 
erciae  of  care  in  the  miinipulation,  by  employing  boiled  water  fnee  from 
carbonic  acid  so  that  the  addition  of  acetic  acid  to  the  lead  salt  shall 
be  unnecessary, and  by  tinally  drying  the  lead  in  an  atmosphere  of  hy- 
drogen^  a  close  approximation  to  the  numbers  above  given  can  be  ob- 
tttincd. 

595.  Ciide  of  Zme  (ZnO), — ISke  magncsiura,  nno  forms  btit 
a  single  compound  with  oxygen.  This  compound  may  he  rendily 
obtained  by  bmning  the  metal,  or  by  igniting  carbonate  or  liy- 
drato  of  tine.  As  thus  prepared,  oxide  of  zinc  ia  an  irisohiVde, 
■white,  amorphous  powder,  which,  under  the  name  of  ztne  whiU, 
has  of  kte  ycnrs  been  largely  employed  as  a  white  paint.  It 
lacka  the  opacity  or  coveriiig-power  of  white  lead  (§  582).  but,  on 
the  other  hand»  hna  no  injurious  action  upon  the  hcultli  of  the 
workmen  and  does  not  blacken  or  become  discolored  when  exposed 
to  the  fumea  of  Bul[jhydric  acid.  Wion  heated  in  a  ermnblo, 
oxide  of  zinc  exhibits  a  yellow  color,  but  it  becomes  white  again 
on  cooling.  The  oxide  dissolves  easily  in  acids,  wit4i  formation 
of  salts  of  dnc, 

596.  Chhnde  of  Zinc  (ZnCi^),  obtained  by  dissolving  metnllio 
tine  in  cblorhydric  acid,  is  a  ccimpouiiJ  readily  soluble  in  vmU 
it  is  somewhat  extensively  employed  for  preserving  timber,  nn 
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fts  a  disiTifcctiDg  Ruid.     It  w  oaed  also  by  tinmen  bb  a  wash  to 
cleanse  the  surfaces  of  tin-plate  before  soldering, 

51*7.  SuJpJujte  of  Zinc  (ZnSO J  is  one  of  the  commonest  of  the 
zinc  salts*  The  hydrated  compound,  ZaSO^+TH^O,  known  as 
white  vitriol,  is  used,  to  a  certain  extent  in  medicine,  utf}  for  other 
purposes  in  the  artR.  The  action  of  carbon  upon  sulphate  of  zinc 
differs  somewhat  from  its  action  upon  the  sulphntx-s  previously 
studied.  When  a  dry  mixture  of  the  sulphate  of  zinc  and  char- 
coal is  heated  to  dull  redness,  carbonic  and  sulphurous  acids  are 
«rvolved  in  the  proportion  of  two  volumes  of  the  former  to  one  of 
the  latter  gas,  and  pure  oxide  of  zinc  remains : — 

2ZnS0^  +  C  =  2ZnO  +  2S0,  +  CO.. 

It  would  be  quite  possible  to  obtain  metallic  zinc  from  the  sul- 
phate in  one  operation  by  employing  an  excess  of  carbon,  heating 
the  mixture  gently  at  irst  until  the  sulphuric  acid  bad  all  been 
decomposed,  and  then  urging  the  fire  in  order  to  obtain  the  tem- 
perature requisite  for  the  reduction  of  the  oxide  of  zinc  and  vola- 
tilization of  the  metah  But  if  the  mixture  of  sulphate  of  zino 
and  charcoal  be  quickly  raised  to  a  high  temperature,  then  sul- 
phide of  the  metal  is  formed  and  carbonic  oxide  set  free ; — 
ZnSO^  +  4C  =  ZnS  +  4C0. 

Zinc  forms  several  valuable  alloys ;  brass  is  an  alloy  of  zinc  nnd 
copper,  and  German  silver  is  a  brass  whitened  by  the  admixture 
of  a  small  proportion  of  nickeL 
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598.  Cadmium  is  a  comparatively  rare  metal,  found  associated 
with  zinc  in  nature ;  it  is  remarkably  similar  to  zinc  in  its  che- 
mical relations.  In  the  process  of  obtaining  zinc  from  its  ores, 
the  small  proportion  of  cadmium  which  these  ores  contain  comes 
ov^r  with  the  first  products  of  the  distillation,  since  cadmium  is 
more  readily  Tolatile  than  zinc. 

Cadmium  may  b«  prepai'ed  either  from  this  early  dl*»tillafe,  <jr  from 
tbe  residues  obtained  when  metallic  zinc  is  dissolved  in  cblorbjdric 
add  in  tbe  prepafation  of  chloride  of  zinc  f^r  mannfacturing  purposes. 
Thtee  residues  always  contain  a  quantityof  lead,  wbicb  next  to  cadmiaia 
10  the  commonest  impurity  of  commerdiil  zinc ;  and  if  care  his  been 
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token  to  keep  an  excess  of  metallic  «inc  In  tlie  dUaolx-ing-riit,  tKey  will 
contiiin  also  nil  tJie  cadmium  with  which  the  zinc  was  contaminiited. 
From  either  of  these  sources^  cadmium  bhWb  may  be  prep<wped  by 
dissnlvin^r  the  crjule  materials  in  dilute  nitric  acid»  separatiaj;  the  lead 
by  means  of  sulphuric  acid,  and  throwing  down  the  cadmium  with 
eulphuretted  hydro;jfen.  Sulphide  of  cadmium  is  a  h  ight-yelJow 
powdtjr,  iu.^oluble  in  dilute  acids,  while  sulphide  of  zinc  is  readily 
eoluble  in  ucidai.  Once  isolated,  the  sulphide  of  cadmium  may  be  dia- 
SfA'^ed  iu  boilia;x,  couoeutrated  chlorhydric  acid  ;  from  the  «oliitioit  of 
chloride  of  cadmium  thus  obtained,  carbonate  of  cadmium  may  be  pre- 
dpitftted,  and  from  tbe  carbonate  any  of  the  other  cadmium  oompounui 
can  readily  be  prepared. 

Metallic  cadmium  in  of  a  white  color  tinged  with  blae ;  it  it 
lustrous  and  takes  u  fine  polish,  but  gradually  tarnisheu  upon  tha 
Eurlace  when  exposed  to  the  air.  Its  specific  gravity  tijios 
ftom  8G  to  8-7»  It  melts  and  volatilizes  at  temperatures  below 
redness.  Heated  in  the  air  it  takea  ^e  and  burns  to  a  brown 
oxide. 

When  combined  with  other  metals,  such  as  lead  or  tin,  cadmitua 
fonnB  all 03-8  of  remarkable  fusibility  ;  in  this  respect  it  tat  sur- 
passes bismuth  (§  *6o^).  The  most  lu.sible  alloy  yet  made  contaLna 
cadmium,  bismuth,  tin,  and  lead ;  it  melts  at  63^-65°, 

509.  Cadmium  is  a  volatile  substance,  and  the  specific  gravity 
of  its  vapor  hfs  been  experimentally  determined  to  be  5QS5 ;  Hit 
weight  of  a  unit- volume  ot  the  vapor  is  56*85  times  the  weight 
of  the  same  volume  of  hydrogen.  Now  we  have  seen  that  the 
epecific  gravity  of  the  elementary  gases  and  of  the  vapors  of  the 
elements  included  in  the  chlorine  and  sulphur  groups  arc  the 
same  as  the  atomic  weights  of  thc^e  elements.  On  tlio  other 
hand,  the  apeciiic  gravities  of  tlio  vapors  of  phosphorus  and  ar- 
senic were  twice  the  atomic  weights  of  these  elements.  Cadmium 
presents  still  a  new  relation  between  the  least  combining  weight 
and  the  unit-volume  weight :  for  the  specific  gravity  of  its  vapor, 
6G'85,  is  about  one-half  of  112,  its  accepted  atomic  weight.  The 
significance  of  this  fact  may  be  illustrated  from  its  chloride. 
Cadmium  is  bivalent,  and  forms  the  chloride  Cd CI,,  containing,  as 
experiment  has  proved,  1 12-24  parts,  by  weight,  of  cadmium  to 
71  parts  of  chlorine  ;  if  the  unit-volume  weight  of  cadmium  were 
the  same  aa  its  atomic  weight,  two  unit-volumes  of  chloride 


I 


I 


I 


TUB  U^QNBSIUV  GBOtTT. 

cadmium  would  contain  one  volume  of  cadmium  and  two  volumes 
of  chlorine  ;  but  were  it  possible,  by  experiment,  to  resolve  the 
vapor  of  chloride  of  cadmium  into  its  component  vapors,  it  would 
be  found  that  two  volumes  of  cadmium  were  therein  combined 
with  two  wlumes  of  chlorine. 

The  atom  of  cadmium  when  converted  into  vapor  occnpies  twice 
ns  much  space  as  the  atom  of  oxygen,  or  hydrogen,  or  chlorino 
does ;  and  accordingly  the  pro  duct- volumes  of  its  corapoundjs  ore 
packed  with  one  volume  more  than  the  product- volumes  of  tho 
spondtng  compounds  of  oxygen  or  any  member  of  the  sulphur 

up.  Whether  the  bivalent  metals  in  general  reBemhlo  cad- 
mium on  the  one  hand  or  oxygen  on  the  other,  in  regard  to  the 
relation  between  their  vapor-densities  and  their  atomic  weights, 
i»  a  point  on  which  experiment  haa  thus  far  thrown  but  littlo 
light.  Mercury  resembles  cadtniura  :  but  it  ia  certainly  possible 
that  these  two  elements  constitute  an  exception  to  some  general 
rule  hereafter  to  bo  proved— a  rule,  for  example,  like  that  which 
many  chemists  are  inclined  to  accept  in  advance  of  proiif,  namely 
that  the  combining  weights  and  the  unit- volume  weights  of  the 
fdements  are  normally  identical. 

Cadmium  is  so  soft  that  paper  may  be  marked  with  it ;  but  it  is 
flexible,  malleable,  and  ductile.  In  dilute  chlorhydric  and  sul- 
phuric acicUj  it  dissolves  with  evolution  of  hydrogen,  though  less 
readily  than  zinc.  Its  best  solvent  is  nitric  acid.  It  does  not 
dissolve  in  the  caustic  alkalies. 

600.  From  the  foregoing  it  is  apparent  that  the  members  of 
the  gi-oup  of  metals  now  under  consideration  resemble  one  another 
with  rciipect  to  volatility  and  several  other  of  their  ph>-sieal 
properties,  besides  being  very  closely  rrhitcd  in  most  of  their 
chemical  characters.  The  order  of  progression  is  from  magnesium 
to  cadmium,  zinc  and  its  compounds  occupying  always  an  inter- 
mediate position,  llie  specific  gravities  of  tho  three  metala 
are — !Mg=l-75.  Zn^7*l,  Cd  =  8'tlj  and  their  atomic  weights 
are — Mg^24,  Zn=05,  Cd=112.  Magnesium  volatilizes  at  a 
bright-red  heat,  cadmium  at  a  low  red  heat,  and  zinc  at  terapera- 
tnres  between  these  extremes.  Cadmium  is  very  fusible,  melting 
at  about  3<>0°,  r.inc  melts  ut  425°,  and  magnesium  at  a  moderate 
red  heat.  All  of  these  metala  are  bivalent;  each  forms  but  one 
oxide,  sulphide,  and  chloride. 
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601.  Kcxt  to  oxygen  and  silicon,  altiminnm  is  perhaps  tlw 
most  abundant  element  upon  the  earth's  surface.  It  is  the  most 
abundant  of  all  the  jnetals,  as  much  as  a  twelfth  of  the  solid  cra»i 
of  the  gluhe  being  composed  of  it.  It  occurs  in  enormous  quan* 
titiea  in  combination  with  oxygen  and  silicon,  in  all  the  80*ca]led 
primitive  rocks,  and  indeed  in  most  other  rocks  and  soils.  Il 
is  contained  in  clay,  marl,  and  slate,  as  well  as  in  feldspar,  mica» 
and  many  other  common  minerals. 

Oxide  of  aluminum,  chloride  of  aluminum,  and  many  salts  of 
the  metal  may  readily  bo  prepared  artificially  from  the  nattTO 
minerals ;  tbey  have  long  been  known  to  chemists,  and  made  use 
of  in  the  arts  ;  but  the  metal  itself  is  less  readily  obtainable.  Itii 
hut  a  few  years  since  metalUc  aluminum  has  been  prepared  upon 
a  manufacturing  ftcale.  The  metal  is  nowadays  prepared  by  heat- 
ing metallic  sodium  either  with  chloride  or  fluoride  of  aluminum^ 
or  with  a  double  chloride  or  fluoride  of  aluminum  and  sodium,  Il 
is  a  blui&h-white  metal,  of  remarkable  lightness.  Its  !^cific  gra- 
vity, 2*56,  is  about  the  same  as  that  of  porcelain,  and  only  about 
a  quarter  of  that  of  silver.  The  metal  is  malleable*  ductile,  and 
tenacious,  and  may  bo  beaten  into  thin  sheets,  like  gold  and 
silver,  and  drawn  into  fine  wire.  It  melts  at  a  temperature  lying 
between  the  melting-points  of  zinc  and  silver,  but  is  not  volatile. 
It  conducts  electricity  much  better  than  iron,  and  heat  even  better 
than  fdlver  ;  after  ha^-ing  been  heated,  it  cools  very  slowly.  It  ia 
remarkably  sonorous,  a  bar  of  it  suspended  by  a  wire  rings  witk 
a  clear  musical  note  on  being  struck. 

In  the  air  aluminum  undergoes  no  alteration  even  at  a  stronif 
red  heat;  it  may  be  melted  in  open  cruciblas  without  oxidation. 
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ttnd  reaiily  cnst  into  any  desired  form.  It  ia  not  acted  upon  b^ 
water  at  temperatures  short  of  a  white  heat,  8o  long  as  it  i»  in 
the  ordinary  compact  condition.  Bolphydrio  acid  has  no  action 
upon  it.  Nitric  add,  whether  dilate  or  conccntratedp  has  no 
action  npon  alnminnm  at  the  ordinary  temperature,  hut  when 
boiling  dissolves  the  metal  slowly.  Cold  dilute  BulphuriG  acid 
has  Bcaroely  any  action  upon  it  ^  but  it  is  easily  soluble  in  oMor- 
hydric  acid,  either  dilute  or  concentrated,  at  all  temperatures. 
It  b  soluble  also  in  aqueous  solutions  of  caustic  potash,  soda,  or 
ammonia.  The  vegetable  acids,  such  as  acetic  and  tartaric  acids, 
exert  no  perceptible  action  upon  it.  Although  soluble  with  eTO- 
ladon  of  hydrogen  in  aqueous  solutions  of  the  fixed  caustic  alka- 
lies,  aluminum  is  not  acted  upon  by  fused  hydrate  of  sorlium,  or 
hydrate  of  potassium  ;  nor  is  it  even  attacked  by  fused  nitrate  of 
potassium,  except  at  temperatures  high  enough  to  decompose  the 
nitre  so  completely  that  it  gives  off  nitrogen ;  when  this  limit 
is  reached  the  aluminum  is  immediately  oatidi^ed  with  incan- 
tecence. 

~  602.  Aluminnm  unites  readily  with  many  of  the  metals  to 
form  alloys,  among  which  that  of  copper  and  aluminum,  oaUed 
(duminum  brortzt,  prombes  to  be  of  especial  importance.  Alumi- 
num bronae,  composed  of  90  parts  copper  and  10  parts  aluminum, 
b  exceedingly  hard,  Tery  malleable,  as  tenacious  as  steel,  of  • 
beautiful  golden  color,  and  susceptible  of  being  highly  polished. 

603.  By  uniting  with  the  non-metallic  elements,  aluminum 
forms  only  one  class  of  compounds,  of  which  the  oxide  Al^O,  may 
be  taken  as  the  type.  The  atom  Al  is  trivalent,  or*  in  other 
words,  it  b  equivalent  to  three  atoms  of  hydrogen,  and  of  the 
same  value  as  one  and  a  half  atom  of  oxygen.  Since  it  would 
be  inconvenient  to  employ  fractional  expressions  in  writing  che- 
mical formulaj,  as  well  as  illogical  to  speak  of  half  atoms,  it  is 
customary  to  write  the  formula  of  oxide  of  aluminum  Al^O^  as 
above,  and  not  AlO,^,  as  might  perhaps  at  first  sight  seem  hesk. 
For  the  sake  of  consistency,  the  formula  of  the  chloride  b  in 
like  manner  written  AlaCl^  and  not  AlCl^.  Since  it  contains  one 
and  a  half  atom  of  oxygen  for  each  atom  of  aluminum,  the  oxide 
is  eiten  called  a  Sesqui  (one  and  a  half)  oxide. 

If  no  other  element  analogoua  to  aluminum  were  known,  il 
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thiB  metal  were  not  intimately  related  to  glncinnm,  iron,  diT^ 
iniura,  and  the  other  metals  to  be  coneidcred  in  the  prcsMit 
chapter,  chemists  might  possibly  have  taken  the  atx)mic  weight 
of  aluminum  at  one-third  of  its  present  value,  namely  at  91  in- 
stead of  274.  The  formula  of  oxide  of  aluminum  would  then 
have  been  written  A  1^0,  and  that  of  chloride  of  aluminum  AlCl, 
corresponding  respectively  with  the  formulae  of  the  oxidea  and 
chlorides  of  the  alkali -metals.  But,  as  mil  appear  directly  from 
the  study  of  the  other  members  of  the  aluminum  family  of  metals, 
and  particularly  from  the  isomorphism  of  their  various  com- 
pounds, the  atomic  weight  27*4,  and  the  formulae  6rst  givco, 
must  be  regarded  as  the  most  probable.  The  atomic  weight  9*1, 
and  the  formula  derived  fi-om  it,  are  inadmissible,  since  there  m 
no  analogy  between  the  chemical  properties  of  aluminum,  whtsther 
simple  or  compounded,  and  those  of  the  alkali- metals. 

604,  Ojddi  of  Aluminum  (AJ^O^),  commonly  called  Alumina^ . 
is  found  crystalliKcd  in  nature  as  the  mineral  corundum.  The 
sapphire  and  the  ruby  are  also  composed  of  this  oxido  together 
with  a  little  oxide  of  iron.  It  may  be  prepared  artificially  by 
oxidi/ing  the  metal,  or  by  igniting  the  hydrate,  or  almost  any 
oxygen  salt  of  aluminum.  Though  unalterable  in  oxygen  so 
long  as  it  is  compact,  powdered  aluminum  and  aVni  ^  :»f 
burn  brightly  when  heated  to  redness  in  the  air,  wit;  >n 
of  oxide  of  aluminum*  It  has  been  found  by  careful  expenments 
that  53*3  parts  of  the  metal  unite  with  4(5  09  parts  of  oxygen  to 
form  100  parts  of  the  oxide.  Now,  since  oxide  of  aluminum  is 
isomorphouB  with  certain  oxides  of  irou  and  of  chromium,  which 
are  known  to  be  sesquioxides,  and  is  capable  of  replacing  these 
oxides  in  any  proportion  in  their  compounds  (§  252),  it  is  inferred 
that  oxide  of  aluminum  is  likewise  a  Rcsquioxide.  Upon  this 
view  the  atomic  weight  of  aluminum  is  directly  derived  from  tbt 
foregoing  experimental  data  by  the  ecj nation : — 

40-60     t    'aa-a     ^     m        z        mb 

wt  of  3  fttotna     wt.  of  2  atoms 
of  oxygtm.  of  aluminum. 

605,  BydraU  of  Aluminum  (Al^H^O^)  may  be  obtein^  aa 

a  gelatiuf  is,  floccnlent  precipitate,  by  adding  ammonia-wntisr 
to  ^ihe  solution  of  an  atumiuum   salt^  such  as  common  aluiD. 
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When  dried  at  a  moderate  heat  it  forms  a  soft,  friable  inasR, 
which  adheres  ^ti^ngly  to  the  tongue  like  clay;  when  dried 
Btill  more  thoroughly,  it  forms  a  hard,  yellowish,  translucent, 
horn-like  substance,  and  at  a  red  heat  gives  otT  all  iti*  water. 
The  volume  of  the  original  precipitate  contracts  to  an  t^normous 
extent  during  the  operation  of  drying;  the  bulk  of  the  final 
anhydrous  oxide  is  exceedingly  gmall  as  compared  with  that  of 
tho  moist  hydrate  from  which  it  hajs  been  derived. 

606,  Anhydrous  alumina  may  be  melted  in  the  flame  of  the 
oxy hydrogen  blowpipe.  It  is  neither  decomposable  by  boat 
alone,  nor  can  it  be  reduced  by  carbon  or  any  of  the  more 
common  deoxidizing  agents.  At  a  white  heat,  pota^iuni  de- 
compoees  it  partially,  and  an  alloy  of  aluminum  and  potassium 
is  formed.  Oxide  of  aluminum  is  Iniioluble  in  water,  and  after 
having  been  strongly  heated  it  is  scarcely  at  all  acted  upon  by 
acids,  excepting  concentrated  boiling  chlorhydnc  and  nitrie 
acids.  The  crystallized  native  oxide  is  insoluble  in  all  acids. 
The  anhydrous  oxide  ia  insoluble  in  solutions  of  the  canstio 
alkalies,  but  dissolves  readily  in  water  after  having  been  fused 
at  a  red  heat  with  either  hydrate  or  carbonate  of  sodium  or  of 
potQ!>sium.  Hydrate  of  aluminum,  on  the  contrary,  though 
insoluble  in  water,  dissolves  easily  in  acids  and  in  solutions  of 
the  fixed  caustic  alkalies.  Alumina  ia  in  fact  capable  of  acting 
not  only  as  a  strong  base,  forming  well-defined  salts  by  uniting 
with  acids,  but  it  plays  the  part  of  an  acid  as  well  (compare 
§  350),  and  combines  with  the  alkalies  and  ^vith  other  mettJlic 
oxides  to  form  eolte  known  as  oluminates.  Altiminate  of  potaa- 
mnm  (Kfl,Alfi^)  and  aluminale  of  sodium  (Na^O^Al^O,)  are 
substances  somewhat  extensively  used  in  the  arts ;  the  mineral 
spinelle  is  an  aluminate  of  magnesium  (MgOjAI^O^) ;  and  a  native 
aluminate  of  dnc  (ZnO^Al^O,)  is  called  gahnite  by  mineralogitita. 

Exp.  308. — Heat  a  amaU  fragment  of  alum  with  water  in  a  test- 
tabe  until  it  hits  completely  diasolved^  pour  hHlf  the  solution  into 
another  tube,  and  odd  to  it,  drop  by  drop,  amnionia-WHt*r,  until  the 
odor  of  ammoDia  persista  after  the  mixture  has  been  thoroughly' 
shaken.  Hydrate  of  aluminam  will  be  precipitated,  in  accordance 
with  the  reaction ; — 

A1^SS04  +  6(NHJH0  =  Al,0,,3H,0  +  St?s'^n4),S0^ 
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Pour  two  or  three  drops  of  the  moist  hydraie  of  nlumiiitim  in^ 
onolber  te^t-tube  and  cover  them  with  Ammonhi*wati.T ;  no  dt^r 
Bohttioii  will  be  oht«ined|  for  hydrate  of  alinnmum  ia  but  little  solttble 
in  ftu:niOTiia*wRter. 

Pour  two  or  three  dropa  of  the  moist  hydrate  of  aluminum  inlo 
atill  another  test-tuhet  and  cover  tbem  with  a  solution  of  hydrato  o( 
fiodium;  the  precipitate  will  dissolve  immediately;  aluminAte  rf 
todium  13  formed,  and  this  salt  ia  easily  soluble. 

Hxp.  30*»K — Take  another  portion  of  the  clear  solution  of  Ahtm 
pR^pared  in  Exp.  308,  and  add  to  it,  drop  by  drop,  a  dihitt^  K»ttitttMi 
of  caiu*tic  soda.  A  precipitate  will  soon  fall,  oa  in  Exp.  308,  and 
if  no  excess  of  hydrate  of  sodium  were  added  over  and  above  thftt 
nece^sftry  to  form  sulphate  of  iMDdium  with  the  sulphuric  add  of 
the  alum,  thi3  precipitate  would  remain  undissolved;  but  on  nddini^ 
more  of  the  ^oda  solution  the  precipitate  dissolves  at  once,  irith 
formation  of  aUiminate  of  eodium* 

607.  Hydrate  of  aluminnm  combines  readily  with  many  vege- 
table eolorin;»-roatters,  forming  compounds  which  are  insoluble 
in  water.  The  fibre  of  cotton,  when  impregnated  with  aJtuuixuLi 
can  be  made  to  retain  colors  which  the  cotton  itself  has  no  power 
to  hold ;  hence  the  use  of  aluminum  salts  as  mordanU  in  dyeing. 

J^^h  *M0. — Boil  a  few  cnished  prranulea  of  cochineal  in  water  imiSt 
a  con»i(lerflble  portion  of  their  colorinpf-matter  has  been  extracted ; 
add  to  the  filtered  solution  an  (^qual  bulk  of  a  sohitioo  of  altun*  and 
to  the  mixture  add  ammonia* water.  A  colored  precipitate,  conshitinjf 
of  hydrate  of  aluminum  and  of  the  eoloring-mntter  of  the  cochineal^ 
will  be  thi*own  down  ;  it  ia  the  substance  called  carmine-lake.  Riiuittr 
precipitjites  may  be  prepared  by  substituting  almost  any  other  otgnnic 
colorinji-matter  for  the  cochineal  of  this  experiment  PreetpltJitM 
thus  formed  by  the  union  of  a  metallic  o,\ide  and  a  coloring-: 
are  all  classed  tis  takes, 

608*  Chloride  of  Aluminum  (AljCl^,)  may  be  prepared, 
the  same  way  that  the  chlorides  of  boron  and  silicon  are  pPtS* 
pared  {§§  449,  470),  by  passing  chlorine  over  a  heated  mixture 
of  alumina  and  carbon*  It  is  formed  alao  when  hot  finelj 
divided  aluminum  is  brought  into  contact  with  chlorine  gas. 
Hydroted  chloride  of  aluminum  (Al/'1^.12H.p)  can  be  made 
very  easily  by  dissolving  hydrolcd  oxide  of  aluminum  in  chlor- 
hydrie  acid ;  but  the  anhydrous  chloride  cannot  be  preporod  by 
healing  this  hydrate,  since  a  great  part  of  the  chlorine  is  tjxjielled 
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from  it,togeilior  with  the  water^at  a  low  hcai  "When  obtained 
in  t}iQ  dry  way,  however,  chloride  of  aluminum  is  readily  volatile. 
The  anhydrous  chloride,  prepared  by  the  reaction, 

I  Alp,  -h  3C  +  6C1  ^  Al^Cl,  +  SCO, 

previoa^^ly  described,  is  found  condensed  in  the  cold  portions 
of  the  tube  iti  which  the  materials  have  been  heated,  apart  from 
the  residue  of  undecomposcd  alumina  and  carbon.  It  occurs 
either  os  a  flocculent  powder,  or  as  a  transparent  wax-lilie  mass 
of  erystalline  textui'e*  It  is  colorless  when  pure,  very  deliquescent, 
and  soluble  in  water.  When  large  masses  of  it  are  heated  to 
dull  redness,  a  portion  of  it  liquefies,  but  at  temperatures  near 
the  melting-point  it  voluliliJ^ca  rapidly.  Unlike  oxide  of  alumi- 
num, it  may  be  readily  decomposed  by  sodium  and  potassium  at  a 
heat  below  redness,  metallic  aluminum  beifig  set  free. 

Chloride  of  aluminum  combines  readily  with  several  of  the 
otber  metallic  chlorides,  forming  compounds  analogous  to  the 
chloride  of  aluminum  and  sodium  (2NaCI,Al^Cl^),  from  which 
metallic  aluminum  is  commonly  manufactured. 

609.  tSuIitJtaie  of  Aluminum  (ail  .380 J  is  a  salt  largely  em- 
ployed in  tlie  arts.  It  is  com m only  prepared  nowadays  by 
acting  upon  hot  roasted  clay  with  sulphuric  acid.  Clay  is  a 
Bilicate  of  aluminum  not  very  easily  attacked  by  acids  so  long 
as  it  remains  in  the  native  plastic  condition,  but  after  having 
been  exposed  for  some  time  to  a  dull  red  heat  it  readily  yields 

I  its  alumina  to  acids.  A  solid  mixture  of  sulphate  of  aluminum 
and  free  silic^ic  acid  obtained  as  the  product  of  this  reaction  is 
known  in  commerce  as  alura-cake.  By  lixiviating  olura-eake, 
Bulphate   of  aluminum    may  readily  be    obtained    in    solution; 

I  and  from   this  solution  the  salt  crystallizes  as  a  hydrate,  the 

I  com  position    of   which    may   be    represented    by   the    formula 

>lj580,H-18Hp. 

Until  It  comparatively  recent  period,  sulphate  of  aluminum  was 
Bent  into  commerce  neither  in  its  free  state  nor  mixed  with  silica, 
but  in  combination  with  sulphate  of  potassium  in  the  form  of 
alum*  Common  alum  is  a  hydra  ted  double  sulphate  of  aluminum 
and  potassium ;  its  composition  is  represented  by  the  formula 
A1^K,4S(),  +  24H^O,  or  K/),S(\;  Al,0.,380,  -i-  24Rp, 

It  crjstalUzes  very  easUy  in  large,  oorapoct,  well-defined  octa- 
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hodrons,  bclon^ng  to  the  first  or  regular  Bptcra*  The  crrstonint 
character  of  aJum  is  iraportuDt,  since  it  is  solely  on  account  of 
this  character  that  the  salt  has  come  into  euch  general  use 
Keither  the  sulphate  of  potassium  nor  the  water  in  alum  pijiyB 
any  ujaeful  part  in  the  reactions  for  which  this  salt  is  commonlj 
cm])loyed.  Since  100  parts  ef  alum  contain  only  about  36  parts 
of  anhydrous  sulphate  of  aluminum,  it  follows  that  fS^'por  cent, 
of  the  alum  is,  for  all  chemical  purposes,  simply  inert  matter^ 
which  has  to  he  t  ran  sported  and  manipulated  for  the  sake  of  the 
3G  per  cent,  of  real  sulphate  of  aluminum.  The  reason  why 
this  waste  of  labor  and  loss  of  the  jwtassium  salt  is  tolorat^ 
is  twofold : — Until  a  comparatively  recent  period,  sulphiite  of 
aluminum  could  be  more  readily  purified  by  crystallization  IB 
alum  than  in  any  other  way.  At  the  present  time,  when  it  ia 
easy  to  obtain  pure  sulphate  of  aluminum  from  rcsponmble 
manufacturers,  alum  is  still  prepared  because  its  dean,  ehorply 
defined  crystals  afford  a  valuable  criterion  of  purity.  So  long  ta 
it  is  left  in  the  condition  of  crydtals,  alum  cannot  be  adulterated 
with  any  foreign  substance* 

Potabh-alum  is  still  the  common  alum  of  the  Amoncan  market, 
hut  in  Europe  ammonia -alum  (AL(NH^)j4S0^,  24H  fi)  ia  at 
present  largely  employed  ;  it  is  thei'e  prepared  by  adding  anl- 
phuto  of  ammonium  obtained  from  the  ammoniacal  liquor  of  tb« 
gas-works  to  sulphate  of  aluminum  resulting  from  the  actitn  of 
sulphuric  af:id  upon  clay,  Ammonia-alura  crystallines  dlmost  n 
easily  as  potash-alum ;  but  it  ia  remarkable  that  the  corresprmd* 
ing  double  sulphate  of  aluminum  and  of  sodium  (8odit>alttm)i9 
easily  soluble  in  water,  aud  crystallizes  with  comparative  difll- 
colty ;  hence  it  has  never  come  into  commerce. 

Sulphate  of  aluminum  is  employed  as  the  source  of  themricms 
compounds  of  aluminum  used  in  dyeing,  calico-printing,  aad 
paper- making.  Acetate  of  aluminum,  for  example,  is  largely 
employed  by  dyers,  particularly  for  the  red  colors  obtaiocd  from 
madder,  under  the  name  of  red  liquor. 

Sxp.  ^111. ^Dissolve  3  jpTTifl-  of  sugar  of  lead  in  4  c.  c.  of  hot  wattfrj 
also  dissolve  4  ja-rms.  of  common  alum  in  6  c.  c,  of  hot  wtittfr ;  mix  th© 
Eot  solutions  and  filler  ofl*  the  insoluble  sulphate  of  lend  which  is 
formed.    Ihe  solutioa  obtained  consi^sts  of  basic  acetate  of  aiaxuinojii, 


nXTCATES  0¥  AUTMIHTTIC. 


519 


totrellier  witli  some  sulphate  of  aluminum  and  all  the  sulpbat©  of  pota»* 
eiiini  of  the  orirrinal  alum.  Such  solutions  aie  preferred  in  practice  to 
thos6  (^ODtainin;^  normal  acetate  of  aluminum,  to  prepare  wbicb  a  much 
lorj^er  proportion  of  iicotat©  of  lead  wouJd  be  required  thim  has  boea 
given  above. 

Kip,  312, — Snak  a  small  piece  of  cotton  cloth  in  the  solution  of 
cetat«  of  aluminum  prepared  in  Exp.  3ll|  and  another  piece  of  simi- 
lar  cloth  of  equal  she  in  pure  water.  Ilang  up  both  pieces  to  "  agt\" 
best  in  a  moist  and  warm  atmosphere^  for  a  day  or  two.  During:  the 
process  of  ag-ein^,  a  portion  of  the  acetic  acid  escapes  from  the  salt  on 
the  cloth,  and  there  is  left  within  and  upon  the  fibres  of  the  cloth  a 

[Quantity  of  hydrate  of  aluminum,  or  at  least  a  mixture  of  hit^^hly  baaic 

^Acetate  and  sulphate  of  aluminum.  This  deposit  is  the  true  mordanL 
When  cloth  impreg-nated  with  it  is  soaked  in  a  solution  of  coloring* 
matter,  the  coloring-matter  unites  with  the  alumina  precisely  as  in 
Exp.  310,  and  is  thereby  firmly  attached  to  the  cloth.  It  should  bo  ! 
mentioned  that  several  other  oxideS|  besides  the  oxide  of  aluminum, 
Are  capable  of  acting  as  mordants ;  the  aesquioxidea  of  iron  and  of 

Lehroniium  for  example^  as  well  as  the  binoxide  of  tin,  are  largely  uaed 

* w  mordants. 

JExp.  313.— Place  a  quantity  of  a  solution  of  extract  of  logwood  in 
two  small  evaporating-difihea,  heat  the  liquor  to  40*  ot  50**,  then  place 
the  mordanted  clolh  in  one  dish,  the  unmordanted  cloth  in  the  other 
and  boil  the  liquor  in  both  dishes.  Continue  to  boil  during  10  or  15 
minutes,  then  take  out  the  pieces  of  cloth  and  wash  them  thoroughly 
in  water.  It  will  appear  that  the  coloring-matter  remains  iirmly 
attached  to  the  mordanted  cloth,  while  the  cloth  which  has  received 
no  mordant  can  readily  be  waahed  clean  or  nearly  clean. 


610.  Silicates  of  Alurmnum, — Of  all  the  aluminum  componnds 
be  silicates  are  by  far  the  most  important.     Clay  in  all  its  Ta- 
rieties  is  a  hydrated  silicate  of  aluminum,  usually  mixed  with^ 
excess  of  silica,  besides  other  impurities  derived  from  the  rocks 
om  whose  decomposition  the  clay  itselPhas  been  formed,     Hie 
parei  kinds  of  clay,  such  as  kaolin  or  porcelain  clay,  are  produeti 
of  the  decomposition  of  feldspar,  a  mineral  composed  of  silioof!* 
aluminum,  potassium,  nnd  oxygen  in  the  proportions  Aip^Sftt 
SiO^,     When  exposed  to  the  atmosphere,  many  varieties  flf 
sldspar  gradually  decompose,  an  alkaline  silicate  is  washod  9mmf^ 
and  silicate  of  olnminum  remains.     Clay  is  remarkaUk  «»  »>' 
cjount  of  its  plasticity  when  mobt,  of  the  facUity  mth  mMA  i 
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k  eonrerted  into  stone-like  massaa  when  strongly  heated,  and  of 
its  infiisiliility  when  pure. 

Earthenware,  Lricks,  and  ordinary  pottery  are  made  from  com- 
mon clay,  by  mixing  the  clay  with  water  enough  to  foim  a  plastic 
paste,  wbich  is  then  moulded  into  any  desired  form,  dried  and 
intensely  ignited.  The  j>orou8  ware  resalting  from  this  operation 
may  he  glaised,  and  so  made  impei'meablo  to  liquids,  by  coating  it 
over  with  some  fusible  substance,  such  for  cjcamplo  as  a  mixture 
of  litharge  and  clay,  and  again  heating  it  so  intensely  that  the 
coftting  shall  melt  to  a  glas^,  which  either  fills  up  the  pores  of  ih# 
day,  or  at  thtf  least  stops  their  openings.  Porcelain  proper,  and 
the  hotter  kinds  of  stoneware,  are  made  from  the  purest  varictiw  of 
day,  and  are  glazed  with  feldspar.  Common  Btoncware,  such  tts 
Is  ujsed  for  jugs,  beer-bottles,  and  the  like,  is  covered  with  the  so- 
called  eolt-gluzc; — Moist  chloride  of  sodium  is  thrown  into  tlie 
kiln  in  which  the  ware  is  baking,  and  being  volatilized  by  the 
intense  heat,  comes  in  contact  with  the  hot  stoneware;  decom- 
position ensues ;  the  water  and  the  chloride  of  sodium  are  both 
decomposed,  stlicate  of  sodium  is  foimcd,  and  by  mixing  with  tho 
eilicate  of  aluminum,  forms  a  smooth  hard  glaze  upon  tho  sorfiic^ 
of  the  ware. 

For  all  vessels  whiuh  are  to  ho  employed  for  chemical  or  culi- 
nary purposes  tbe  hard  and  durable  salt-glaze  is  very  much  to  be 
preferred  to  the  leotl-glnze  prepared  from  litharge  and  clay;  for  tlie 
lead-glaze  is  readily  acted  upon  by  many  chemical  agents,  and  Is 
liable  to  impart  its  poisonous  properties  to  articles  of  food  which 
have  been  left  in  contact  with  it, 

Fire-bricksj  craeibles,  and  similar  refractory  articles  fitted  to 
support  very  high  temperatures  without  undergoing  fusion,  aro 
prepared  from  pure  vaneties  of  clay,  free  from  iron,  lime,  or  mag- 
nesia, but  coiitaining  ^  unusually  large  proportion  of  silidi. 
Borne  varieties  of  fire-clay  contain  as  inueh  silica  as  is  rejireseniod 
by  the  formula  AljjO^,68iOj,  wbile  tho  composition  of  many  of 
the  common  clays  may  l>e  approximately  represented  by  tbo  for- 
mula Al,0^,3SiO^,  or  better  by  tbe  formula  A1^0j„2SiO,.  In  this 
manufacture  of  tire-bricks,  and  of  many  varietit^  of  pettoiV  ^^are, 
it  is  usual  to  incorporate  witii  tbe  original  clay  a  certain  pro- 
portion of  forLign  matter  ^hich  prevents  the  moulded  aUids 
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from  slirinkjnp:  too  much  as  it  dries,  and  from  cracking.  In  fire- 
j  bricks  the  coarse  powder  obtained  by  pulverizing  old  fire-bricks 
is  employed  for  this  purpose  ;  in  Hessian  crucibles  it  is  very  eaay 
to  detect  numerous  grains  of  quartz  sand ;  and,  in  general,  finely 
powdered  flint  or  quartz,  as  well  as  previously  baked  clay,  ia 
used  for  the  same  purpose  in  many  varieties  of  pottery. 

61 1.  Silicate  of  aluminum  is  moreover  a  very  important  ingre- 
dient of  the  common  hydraulic  cement  employed  to  replace  lime 
{ mortar  in  constnietions  exposed  to  the  action  of  water.  It  has 
I  been  found  that  by  carefully  burning  some  varieties  of  impure 
limestone,  containing  from  10  or  12  to  30  or  35  per  cent,  of  clay ^ 
I  and  mixing  the  product  with  water,  there  is  obtained,  in  plaee  of 
inary  mortar,  a  cement  capable  of  **  setting  ^*  or  hardening, 
under  water,  to  a  compact  stone.  Hydraulic  cements  may 
[readily  be  prepared  artificially  by  mixing  with  quicklime  a 
'  Buitable  proportion  of  roasted  clay,  or  by  heating  mixtures  of  clay 
and  limestone ;  in  fact,  some  of  the  best  cements  now  in  use 
are  artificial.  A  poi-ous  volcanic  stone  called  pozzohna,  from 
the  vicinity  of  Naples,  conakting  of  silicates  of  aluminum,  calcium, 
and  sodium,  was  much  used  by  the  Romans  to.  the  same  end. 
When  powdered  and  mixed  with  ordinary  lime  the  pozzolana 
yields  an  excellent  hydraulic  mortar.  In  many  Boman  ruins  it 
may  be  seen  to-day  far  more  perfectly  preserved  than  the  bricks 
which  it  cements. 

I  When  treated  with  water  hydraulic  limes  simply  absorb  the 
water  and  form  a  slightly  plastic  paste  ^nthout  greatly  increasing 
in  bulk ;  they  do  not  slake  or  evolve  much  heat  like  ordinary 
quicklime.  The  moist  paste  soon  begins  to  set,  and  is  then 
Tcaily  for  application.  In  order  that  the  cement  may  >>tirden  pro- 
perly under  water  it  should  not  be  submerged  before  it  has  begun 
to  set ;  it  should  in  any  event  be  kept  moi»t  until  it  has  become 
hard ;  othenvise  it  is  liable  to  remain  loose  and  porous. 

The  soUdificstion  of  hydraulic  limes  appears  to  depend  upon 

I  the  formation  of  insoluble  hydrated  oompounds  of  lime  with  silicic 
acid  and  alumina.  Cements  which  contain  from  25  to  35  per 
ecnt.  of  clay  solidify  in  the  course  of  a  few  hours ;  but  those  in 
H'hich  the  proportion  of  clay  ls  no  more  than  10  or  12  per  cent, 
become  hard  only  after  the  lapse  of  several  weeks. 
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A  mixture  of  hrdraulic  cement  w^ith  coarse  gravel  constitnteB 
the  material  k[iown  ad  cGnerete^  employed  for  the  foundations  of 
Imildings,  and  by  the  aneients  for  walls  which  hare  proved  to 
be  ot  great,  darability;  this  mixture  soon  concretes  or  hardens 
into  &  firm  mass,  well  nigh  impermeable  to  water.  The  iiifluenoe 
of  magnesia  iti  tlio  preparation  of  hydraulic  mortars  haa  already 
been  indicated,  in  §  588, 


OXUCTNTJM. 

612,  Glucimim  is  a  rather  rare  metal,  found,  together  with 
aluminum,  in  the  eraeriild,  in  berj*!^  and  a  few  other  mineral*. 
It  closely  resembles  aluminum  in  its  physical  prnpertics,  asd 
iortn^  compounds  analogous  in  composition  to  those  of  alununum, 
and  of  similar  chemical  deportment.  Like  aluminum,  metallic 
glucinum  may  bo  reduced  from  its  cliloride  by  means  of  sodium 
or  ]»ota-ssium.  There  is  but  a  siogle  oxide  of  glueinumt  GI^O^,  and 
a  single  chloride,  01^01^.  The  salts  of  glucinum  have  a  awect 
taste,  whence  the  name,  from  a  Greek  word  meaning  sweet  The 
atomic  weight  of  glucinum  is  14,  and  its  specific  gi*avity  2'1. 

4  CITEOiniJM. 

613.  Chromium  ia  nowhere  found  in  very  Ifir'^e  quantitiea^ nor 
is  it  very  widely  disseminated  in  small  portions  like  iodioo  and 
lliiorine,  but  it  is  nevertbeless  found  in  stifficient  abundance  to 
admit  of  its  comi)ounds  being  rather  extensively  employed  in  the 
arts.  The  chief  ore  of  chromium  is  a  compound  of  oxide  of  chro- 
mium and  oxide  of  iron  {FeCr/J^)  caDed  chrome  iron -ore*  Me- 
tallic chromium  may  bo  reduced  from  its  oxide  by  means  of 
intensely  heated  diarcoul,  and  from  its  cblonde  by  means  of 
sodium,  potassium,  magnesium,  or  zmc;  but  it  has  as  yet  becm 
little  studied*  Its  speciBo  gravity  is  about  7»  and  ita  atomio 
weight  52-5, 

G14*  Oxide4t  of  Chromium. — Chromium  fonna  three  well- 
defined  oxides  : — a  protoxide,  CrO ;  a  ses<|uioxide,  Cr^O, ;  and  a 
teroxide,  CrO,,  called  chromic  acid.  Besides  the?»e  there  is  a  com- 
pound of  the  protoxide  and  sesquioxide  (Cr^O^=CrO,  Cr,(),), 
another  of  ilio  sesqutoxide  and  teroxide  (Crp,.CrO^==3CrOj),  and 
an  ill-de&Qed  compound  eontaining  more  oxygen  than  eiiromio 
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acid,  tisiiftlly  spoken  of  as  percbromic  acid  (Cr^O,),  Botli  tbe 
protoxide  and  the  sesquioxide  are  bases,  corresponding  respectively 
to  oxido  of  magnesdum  and  oxide  of  aluminum ;  but  the  protoxide 
aad  all  its  compounds  rapidly  absorb  oxygen  from  the  air,  with 
lormation  of  the  scsquioxide.  On  account  of  this  instability,  they 
are  rarely  prepared,  and  are  mainly  interesting  from  their  ana- 
logy to  the  compounds  of  the  protoxides  of  manganese,  iron, 
cobalt^  and  nickel,  hereafter  to  be  studied.  The  sestjuioxide,  on 
the  other  hand,  is  a  stable  corapoundj  closely  resemhhng  oxide  of 
aluminum.  Chromic  acid  is  a  strong,  well-characteriEed  acid, 
which  combines  with  bases  to  form  a  great  number  of  salts* 

The  most  important  of  the  chromium  compounds  is  the  bichro- 
mate of  potassium ;  this  salt  is  readily  procurable  in  commerce^ 
and  is  the  source  from  whicli  all  the  other  compounds  of  chro- 
mium are  commonly  derived.  Bichromate  of  potassium  is  itse 
prepared  by  heating  finely  powdered  chrome  iron -ore  with  car- 
bonate and  nitrate  of  potassium  in  a  reverberatoiy  furnace.  The 
sesquioxide  of  chromium  of  the  ore  is  oxidized  and  converted  into 
the  teroxide,  chromic  acid,  which  displaces  the  carbonic  acid  of 
the  carbonate  of  potassium. 

615-  Se^tqitioands  of  Chromiiim  (CTjO^), — Compounds  of  thifl 
oxide  are  more  commonly  met  with  than  any  other  of  the  chro- 
falts,  except  the  salts  of  chromic  acid.  As  has  been  stated 
\  compounds  of  the  protoxide  must  be  regarded  merely  as 
chemical  curiosities.  By  adding  ammonia-water  to  the  solution 
of  a  salt  containing  the  sesquioxidc,  a  bidky  green  precipitate 
of  hydrated  sesquioxide  of  chromium  is  thrown  down,  which, 
when  collected  and  ignited,  leaves  the  anhydrous  oxide  as  a  bright- 
green  powder,  unchangeable  at  the  highest  furnace-heat.  It  is 
employed  in  the  decoration  of  porcelain,  and  is  a  valued  pigment 
much  used  in  painting  and  printing,  under  the  name  chrome  (freen, 

616.  Chlorides  of  CArommw.— There  are  two  of  these  com- 
pounds, the  protochloride  (CrCl^)  and  the  sesquichloride  (Cr^jCl^), 
The  latter  compound  is  the  more  important,  and  is  the  substance 
usually  meant  when  chloride  of  chromium  is  spoken  of*  Hy- 
drated ficsquichlorido  of  chromium,  obtained  by  dissolving  the 
hydrated  sesquioxide  in  chlorhydric  acid,  is  the  chloride  most 
commonly  met  with* 
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617.  SuJj^Iuxfi  of  Chromium  (Cr j0j»3R0j)  is  sometifQfS  pToptred 
in  the  pure  state ;  but,  like  stilphate  of  diimliium,  it  ordiniuilj 
occurs  in  combination  with  sulphate  of  potassium  or  sulphate  «f 
amtnoniura,  as  a  double  salt,  tailed  chrome  alum.  Chrome  iilum 
IS  a  compound  of  a  beautiful  violet  color,  crystallizing^  in  well- 
defined  octahedrons  of  the  sumo  form  as  the  crptals  of  ordinary 
alum ;  its  composition  idao  corresponds  to  that  of  common  alum, 
the  formula  of  the  chromium  salt  being  Cr^K^4S0^  -h  24H^O,  or 
K,0,SO,;  Crp,,r^SO,  +  24H,0. 

£rp,  314, — Dissolve  15  grnis.  of  powdered  bichromate  of  polaMtuiii 
In  100  c.  c  of  wtirm  iN^ater;  cool  the  eolulion,  and  then  add  to  it  2o 
grms.  of  concentrated  sulphuric  ncid ;  cool  the  liquor  agiun^  and  pour 
it  into  a  porcelain  dish,  surrounded  with  cold  water;  slowlv  stir  into 
the  mixture  0  •rrms.  of  alcohol,  and  set  the  whole  aside.  In  tht?  couKt 
of  24  hoars  the  bottom  of  the  diish  will  become  covered  with  well-de- 
fined octahedral  crystiiU  of  chrome  alum. 

The  alcohol  in  this  experiment  deprives  the  chmmic  ncidj  of  the 
bichromate  of  potassium,  of  half  its  oxyg-en,  and  is  itself  converted  for 
the  moat  part  into  acetic  acid  and  water. 

618.  It  is  romarkabie  that  the  salts  of  scsqnioxido  of  chromitim^ 
48  well  as  the  oxido  itself,  occur  in  two  isomeric  conditions*  Dm 
modification  is  known  as  the  green,  the  other  as  the  viulet  modi- 
fication. As  a  rule,  the  violet  compounds  crystallize  readtlTi 
while  the  green  compounds  do  not  In  the  preparation  of  diromo 
alum  it  is  important  to  guard  against  the  formation  of  agrtco, 
soluble  sulphute  of  chromium,  which  does  not  cryatallize.  Is 
general,  if  the  solution  of  a  salt  of  the  violet  modi^t  mI 
nearly  to  boilin?:,  the  salt  passes  into  the  green  n  nd 
becomes  uncrystallisable.  Hydratcd  sesquioxide  of  chromium,  as 
obtained  by  adding  a  caustic  alkali  to  the  cold  solution  of  a  chro- 
mium salt  of  either  modiiieation,  is  readily  s^jluble  both  in  acids 
and  in  cold  solutions  of  cauptie  soda  or  potash ;  but  on  bailing 
the  green  alkaline  solution,  ail  of  the  chromium  is  precipitated 
as  a  hydrate  of  tho  green  modification. 

^Jip,  316. — Place  in  a  test-tube  a  few  drops  of  a  dilute  solution  of 
chrome  alum,  or  of  &ome  othrr  salt  of  sesquioxide  of  chromium;  »idd» 
drop  hy  drop/a  solution  of  hydrate  of  sodium,  until  the  prvcipitiito 
which  forms  at  firet  h  completely  redisi^olved*  Boil  the  clour  m»Iu- 
tlon,  and  observe  that  the  precipitate  which  again  forms  in  the  liquor 
is  no  longer  soluble  in  alkaliea. 
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By  meaoi  of  this  renction^  aside  of  chromium  mhj  rendily  be  ftepa- 
tnieA  from  oxide  of  fjumiixum ;  for,  as  has  been  seen  In  Exp.  309^  alu- 
mina ia  readily  soluble  in  alkaline  solutions,  and  is  not  precipitated 
therefrom  by  boiling* 

619.  Chromic  Add  (CrOj)  may  be  obtained  hj  decomposing 
bichromate  of  potassium  with  sulphuric  acid* 

Exp.  316. — Mix  40  c.  c,  of  a  cold,  antumted,  aqueouH  solution  of  W- 
ehromate  of  potassium  with  50  c*  c,  of  oil  of  \^tnol|  in  a  small  beaker 
standing  in  cold  water,  and  observe  that  chromic  acid  is  deposited  in 
cryahilline  needles.  It  is  remarkable  that  in  sulphuric  acid  of  1*56 
specific  gravity,  such  aa  is  obtained  in  the  foreg^oing^  mixture,  chromic 
add  is  well  ni^h  insoluble,  thoua-h  it  is  readily  soluble  both  in  water 
and  in  ati'ong  sulphuric  acid*  Cover  the  beaker,  and  set  it  aside  for 
some  hours ;  finally  pour  off  the  enpematant  liquor  with  care,  Bcrape 
out  the  chromic  acid  with  a  grlaas  rod,  and  place  it  upon  a  dry,  poroua 
bricki  under  an  inverted  bottle,  in  order  that  the  sulpburic  acid  which 
••Iheres  to  it  may  be  absorbed.  Preserve  the  dry  crystals  ia  a  glHSs- 
ttopp<?red  bottle.  Chromic  acid  deliquesces  rapidly  when  exposed  to 
the  air.  It  is  easily  brouj^ht  to  the  condition  of  sesquioxide  of  chro- 
mium, both  by  heat  and  by  reducing  agents,  and  ia  hence  an  oxidizing 
agent  of  considerable  power, 

JEitp.  317. — Shake  up  in  a  nnall  bottle  enough  strong  alcohol  to 
Sioiaten  ita  aides  -,  then  throw  in  half  a  gramme  or  )e^  of  chromic 
ftdd ;  a  portion  of  the  alcohol  will  be  ojddized  eo  quickly,  and  with 
evolution  of  ao  much  heat,  that  the  remainder  will  take  fire  and  bum 
in  the  air. 

Several  of  the  salts  of  chromic  add^  as  wcH  as  the  acid  itself, 
are  employed  as  oxidizing  agents.  A  mixture  of  bichi\>mate  of 
potassium  and  of  sulphuric  acid,  for  example,  is  employed  for 
bleaching  certain  fata.  From  the  chromates,  both  oxygen  and 
chlorine  may  be  conveniently  prepared. 

£rp.  318, — Heat  a  mixture  of  6  grma,  of  powdered  bichromate  of 
potassium  and  9  grms,  of  concentrated  aulphuric  acid  in  a  umall  ilaak, 
prorided  with  a  deli  very- tnbe  leading  to  the  water- pan,  and  collect 
the  oxygen  which  is  freely  evolved  ; — 
K20,2CrC>,  +  4(H,O,SO0  =  Cr,0,,3S0.  +  K,0,SO,  +  4H,0  4-  Sa 

Erp.  31©.— Place  a  mixture  of  1  grm.  of  powdered  bichromate  of 
potassium  and  ♦!  grm*.  of  chlorhydric  acid  of  110  specific  gravity,  in 
a  Husk  prtirided  with  a  delivery-tube,  as  in  Exp.  318.  Heat  the  flaak 
gently  for  a  few  seconds  until  ita  contents  begin  to  react  upon  cme 
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Bother;  then  quiclily  remove  the  Lamp  and  attend  to  the  colled5tj0 
the  chloriue,  which  will  continue  to  be  evolved  without  lurther 
Tieating : — 

£30,2010,  +  imCl  =.  Cr^Cle  +  2KCI  4-  7H,0  +  f>Cl 
620,  Chromatei. — Aa  has  been  already  indicated,  bichromate 
of  potassium  is  the  commonest  and  the  most  important  snlt  of 
chromic  acid.  It  is  the  material  from  which  most  of  the  other 
compounds  of  chromium  are  prepared,  and  is  itself  important  ta 
dyeing  and  calico-printing.  It  has  of  late  years  been  u*©d  in  tlie 
art  of  photolithography. 

When  a  mixture  of  gelatine  and  bichromate  of  potassium  la  exposed 
to  light,  the  chromic  a<:id  is  reduced,  and  an  insoluble  compound  of 
gelatine  and  sesquioxide  of  chromium  is  formtd.  In  practice,  albo- 
menized  paper  is  covered  in  a  dark  room  with  a  mixed  eolutioii  of 
bichromate  of  potassium  and  gelatine,  then  dried,  pressed  smooth,  sod 
kept  always  in  the  dark  until  wanted  for  use.  If  a  sheet  of  this  yi^ 
pared  paper  be  placed  beneath  a  negative  photographic  picture  (ob- 
tained  in  the  usual  way)  and  exposed  to  light  for  a  short  time,  the 
chromic  acid  will  be  reduced  in  such  wise  that  a  positive  picture  will 
be  obtained  upon  the  gi?latiue  paper.  In  this  positive,  as  taken  from 
the  press,  the  parts  acted  upon  by  the  lij^ht  will  be  brown,  while  the 
other  portions  of  the  sheet  retain  their  original  yellow  color.  The 
positive  is  then  washed  with  water  in  such  manner  that  the  unchanged 
portions  of  gelatine  and  of  bichromate  are  dissolved  away,  and  an  in- 
soluble; clearly  df'fined  iuipression  of  the  original  picture  is  left  upon 
the  paper.  By  means  of  pressure,  the  design  is  then  transfernKi  to 
the  lithographic  stone^  and  from  the  stone  any  desirt^d  number  of 
copies  may  be  printed  upon  paper  with  ink  in  the  usual  way. 

Besides  the  bichromate  of  potassium,  there  ore  several  other 
cbromates  important  in  the  arts  or  useful  to  the  annlyst.  The 
normal  chromate  of  potassium  (K.^0,CrO,)  is  a  yellow  salt,  readily 
obtainable  by  adding  a  molecule  of  carbonate  of  potassium  to  one 
of  the  bichromato : — 

K,0,2CrO,  +  K^O.CO,  =  2(K,0,CrO.)  +  CO., 

It  is  isomori)hou8  with  normal  sulphate  of  pota.^ium  (K,SO^\ 
chromic  acid,  like  sulphuric  acid»  being  bibasio  (§  238),  The 
salt  is  hence  easily  adulterated.  Chromate  of  barium  is  insoluhk 
in  water  and  in  acetic  acid ;  chromate  of  strontium  is  aolttble  in 
acetic  acid^  though  nearly  insoluble  in  water  i  while  cbnmiate  of 
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calcium  is  soluble  both  in  water  and  in  acetio  acid;  hence  an 
easy  method  of  separating  compounds  of  either  of  the  three 
metals  from  mixture**  which  contain  compounds  of  all  three. 

Cliromate  of  lead  is  the  pigment  called  chrome-yeUow ;  it  may 
[jbo  prepared  by  mixing  solutions  of  bichromate  of  potassium 

d  acetate  of  lead.  An  orange-colored  dichromate(2Pb0,CrO3) 
may  be  obtained  by  boiling  together  yellow  chromate  of  lead  and 
slaked  lime  in  the  proportion  of  two  molectdcs  of  the  former  to 
one  of  the  latter.  This  process  is  used  to  fix  a  permanent  orcingo 
upon  calico.  A  still  more  brilliant  color  may  be  obtained  by 
fusing  one  part  of  the  yellow  chromate  of  lead  with  five  parts  of 
nitre ;  chromate  of  potassium  and  dichromate  of  lead  are  formed, 
and  the  former  may  be  washed  away.  Chromate  of  mercury,  of 
A  brick-red  color,  may  be  precipitated  by  adding  bichromate  of 
potassium  to  nitrate  of  protoxide  of  mercury,  or,  of  an  orange- 
yellow  color,  by  adding  the  potassium  salt  to  the  nitrate  of  di- 
oxide of  mercury. 

XAFGAKESB* 

621.  Black  oxide  of  manganese,  such  sa  has  been  employed 
in  the  preparation  of  oxygen  and  of  chlorine  (§§14,  105),  isa 
tolerably  abundant  mineral.  Small  quantities  of  manganese  exist 
oho  in  a  great  number  of  other  minerals  and  rocks ;  so  that  the 
element  is  really  very  widely  diffused  in  nature.  It  is  often 
associated  with  ores  of  iron.  By  he^iting  oxide  of  manganese 
very  strongly  with  charcoal,  it  may  be  reduced  to  the  metallic 
state,  though  not  readily.  The  metal  is  of  a  grayish-white  color, 
and  is  very  hard  and  brittle.  It  oxidizes  quickly  when  exposed 
to  the  atmosphere ;  it  melts  only  at  the  strongest  heat  of  a  blast 
furnace.  The  specific  gravity  of  manganese  is  S,  its  atomic 
weight  is  55.  It  slowly  decomposes  water  at  the  ordinary  tem- 
perature, and  dissolves  readily  in  dilute  eulplmric  acid  with  evo- 
lution of  hydrogen.  Like  iron,  it  eombines  with  carbon  and 
silicon.  Metallic  manganese  is  not  used  in  the  arts ;  and  the 
alloys  which  it  forms  with  the  other  metals  are  of  no  commercial 
importance,  except  that  a  small  proportion  of  mangjancse  is  pre- 
•ent  in  a  peculiar  kind  of  iron  largely  used  for  making  steel. 

622.  Ox'uUi  of  Mangat\€9€. — Six  well-defined  compounds  of 
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oxygen  and  manganese  are  known ;  two  of  them  at^  baws.  \ 
ure  acids,  and  two  may  be  regarded  as  salts,  formed  by  the  unioa 
of  the  oxidos  one  with  the  other.  Protoxide  of  mangaii<*«a 
(MnO)  is  a  powerful  base »  while  sesquioxide  of  manganic  (Mn^O^) 
b  but  a  weak  base.  Manganic  a<:id  (MuQ^)  and  permanganic 
acid  (Mn.,0^)  are  well  characterized  as  acids,  though  thoy  unz 
known  only  in  combination ;  they  ha%'e  never  been  obtained  ia 
the  free  anhydrous  state.  On  the  other  hand,  binoxide  of  mitn- 
gaoese  (Mnp,,MnOj^=3MnO^)  and  the  red  oxide  (]dnO»Mn,0, 
—  Mn/J,)  are  both  neutral  or  indifferent  bodies;  they  exhibit 
neither  acid  nor  basic  properties. 

023*  Protoxide  of  Mangmvesc  (MnO)  may  be  obtained  by  beat- 
ing carbonate  of  niauganeae  out  of  contact  with  the  air,  or  by 
heating  either  of  the  higher  oxides  of  manganese  to  redness  in 
contact  with  charcoal  or  hydrogen.  The  protoxide  is  itself  rc» 
duced  to  the  metftllic  state  by  the.se  agents  only  at  a  white  heaL 
It  unites  freely  with  acids  to  form  salts  of  considerable  stability. 
The  crystallized  sulphate  MnS0^4-5Hj^O  and  the  chloride  MnCl^ 
+  4Hp  are  commonly  employed  in  the  laboratory.  Both  of 
them  may  be  prepared  from  the  residues  obtained  in  the  proptt- 
ration  of  cklorine  and  oxygen  (§§  1U5,  626).  Hydrated  prot* 
i^^Kiide  of  manganese  may  be  precipitated  from  the  chloride  tf 
Wlow8 : — 

Kx-p,  320. — Disisolve  a  smull  crystal  of  chloride  of  tnangan6«  in 
WHter;  add  to  the  solutiou  t^oda-lyr^  until  the  liquor  exhibits  a  diMiiiCl 
nlkaliiie  reaction  when  tested  with  litmus-paper.  Collect  the  gelall- 
nouf^  white  precipitate  upon  a  tilter,  and  observe  that  it  aoou  becoDkoi 
brown  as  it  absorbs  oxygen  from  the  cur;  the  brown  product  ia  um^ 
oxide  of  mangflnese. 

JSU^,  321.— Heat  a  portion  of  the  precipitated  hydrate  of  Exp,  8S0 
to  redness  upon  n  fragment  of  porcelain ;  it  will  slowly  absorb  O3Eyge0| 
and  change  to  the  deep-brown -colored  ecpquioxide. 

Exp.  322. — To  a  solution  of  chloride  €*f  nmngane4ie»  such  as  was  pi^ 
pared  in  Exp.  320,  add  a  f^w  drops  of  sulphydrate  of  ammomum  (  J  6!it)). 
A  flesh-colored  precipitate  of  sulphide  of  rnanganese  (AInS)  will  fall 
down.  LiJie  the  hydrate  above  described,  this  precipitate  soon  becomes 
bi'uwB  by  exposure  to  the  air.  It  is  often  prepared  by  the  anaJyft 
wlii^n  testing  for  manganeae. 

624.  Sesauioxide  of  Manufanue  (Mn^J  occura  in  nature 
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tHe  minerals  braunite  and  manganite.  It  is  prepared  artificially 
by  roasting  the  protoxido  obtained  from  cblorine- residues,  and 
is  itself  used  to  a  considerable  extent  in  the  preparation  of 
oblorine : — 

Mn,0,  +  6HC1  =  SMnCl,  4-  3H,0  +  2a 
It  combines  with  acids  to  form  a  serie.^  of  unstable  salts  ana- 
logous to  the  sesquisalls  of  iron,  though  far  less  permanent. 
A  solution  of  the  sesquisulpbate,  for  example,  Mn^0^,f3S0,»  is 
reduced  to  the  condition  of  protosulphate  by  mere  boiling.  In 
like  manner  the  sesquiehloride  Mn^Cl^  is  doubtless  formed  when 
the  protochloride  is  treated  with  cold  chlorine,  or  the  sesquioxide 
is  digested  in  cold  chlorhydric  acid ;  but  the  ealt  is  decomposed 
with  extreme  readiness^  and  splits  up  into  fre^  chlorine  and  the 
protochloride  even  when  but  sHghtly  heated,  la  the  preparation 
of  elilorine  &om  the  sesquioxide  as  above  formulated,  there  is  no 
doubt  on  intermediate  reaction^ 

Mn^O,  +  6Ha  =  Hn^Cl,  -f  3Efi^ 
before  the  final  breaking  up  of 

Mn,Cl,  into  2MnCl,  +  20L 
625.  Of  the  salts  of  the  sesquioxide,  the  double  compound 
of  sulphate  of  manganese  and  of  potassium,  known  as  man- 
ganese alum,  is  one  of  the  most  interesting;  it  is  of  analogous 
composition  to  ordinary  aluminum  alum,  and  is  isomorphous 
with  this  body,  as  it  is  with  the  corresponding  alums  of  iron 
and  chromium.  The  scries  of  double  salts  known  as  alums, 
admirably  illustrates  the  relationship  of  the  several  members 
of  the  group  of  metals  now  under  discussion,  and  the  law  of 
isomorphism  as  well.  It  is  interesting  to  observe,  moreover, 
that  the  name  alum,  originally  applied  specifically  to  the  com- 
pound of  sulphate  of  aluminum  and  of  potassium,  has  with 
the  growth  of  chemical  knowledge  come  to  have  a  generic  «g- 
nification.  Several  salts  are  now  classed  as  alums,  into  ihir 
composition  of  which  neither  aluminum  nor  potassium  «iiUai 
The  following  list  enumerates  some  of  the  best-known 
sium  alums  :• — 

Common  alum  =^  K,80,,A1,380^  +  24H,0, 
Chrome  alum  ^  K,S0^,Cr,3S0^  +  24H^O. 
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Mangranese  alum  =  K,SO^,Mn,380,  +  24H^O, 
Iron  alum  =  KyS0^,Fe,^:3S0^  +   24^^. 
But  as  has  been  stated  in  §  609,  the  potassium  in  these  wwn- 
ponnds  may  be  replaced  by  any  metal  isomoi-plious  with  potaft- 
Bium,     There  are  ainmoniiim   alums  atid  sodium  alums  corre- 
sponding to  each  of  the  potassium   alums   above  enumerstedi 
and  there  is  evidence  that  potassium  may  be  replaced  in  llies© 
alums  by  the  rarer  alkali* metflk.     Some  ahims,  on  the  other 
hand,  are  composed  of  mixtures  in  various  proportions  of  alkfili- 
metalfii  and  of  the  metals  capable  of  forming  sesquioxides.    Besides 
these  true  alums,  there  are  allied  bodiea  which  contain  no  alkalis 
metal  whatsoever;   such,  for  example,  ore  the  following: — 
Aluminum  iron  alum   =   FeS0^,Alj3S0^  -|-   24Hp, 
Aluminum  magnesium  alum  =   MgSO^,A1.^38(\  4-   24H^0| 
Aluminum  manganese  alum  =   MnS0^,Alj3S0,  +   24H  0> 
but  these  affiliated  alums  do  not  crystallize  in  the  octahednl 
form  which  is  characteristic  of  the  alums  proper. 

626,  Binojride  of  Manganese  (MnO^)  is  a  black  comptmn*! 
found  abundantly  in  nature,  and  largely  employed  in  the  arts  for 
the  purpose  of  evolving  chlorine  from  chloride  of  sodiuia  or 
chlorhydric  acid  (§  105),  as  well  as  for  decolorixing  glasi,  tt 
may  readily  be  prepared  ortificially  from  the  lower  oxides  hy 
the  action  of  oxidizing  agents.  By  itself,  at  the  ordiniuy  tem- 
perature, binoxidu  of  manganese  is  an  inert  chemical  substancei 
though  at  higher  tempcratiires  it  has  considerable  oxidizing-poMef* 
At  a  strong  red  heat  it  gives  off  one- third  of  its  oxygen ; — 
3MnO,  »  Mn,0,  +  20. 
Formerly  oxygen  was  often  prepared  in  chemical  Inhoratorifi 
by  hcfttinj^  the  black  oxide  of  manganese  in  iron  retorts  ;  hut  tla» 
process  has  long  been  su[terseded  by  more  convenient  melhoik 
The  oxide,  MnjO^=i{nO,Mnp^,  which  is  left  as  a  residue  in 
this  expi*riment,  correspond*  in  composition  with  the  magnetic 
oxide  of  iron,  an  important  ore  of  iron.  Thii«  oxide  ia  the  most 
easily  obtained  by  artificial  means  of  all  the  oxidt^  of  manganeie; 
it  is  produced  when  the  protoxide  or  its  nitrate  or  carhonutc  is 
•troQgly  heated  in  the  air,  or  whea  either  of  the  higher  uxidet  ^ 
dntemely  ignited. 
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'  Black  oxide  of  maiiganese  is  insoluble  in  nitric  add,  but  is 

decomposed  by  strong  hot  chlorbydric  acid,  witb  formation  of 
protoi^hloride  of  manganese  and  free  chlorine,  as  has  been  already 
explained  (§  105),  and  by  hot  concentrated  sulphuric  acid  with 
evolution  of  oxygen : — 

MnO,  +  H^SO,  =  MnSO,  +  H^O  +  Q. 

£:rp.  S23v^ — In  a  small  gtoas  fla^k,  provided  with  a  suitable  delivery- 
tube^  beat  a  mixture  of  15  grms.  of  powdered  black  oxide  of  maoganesa 
and  10  gruis.  of  concentrated  sulphimc  acid^  and  collect  the  gaa  over 
water  in  the  usual  way. 

After  all  the  available  oxygen  has  been  obtained  in  tbifl  experimentp 
and  the  ffask^  together  with  ita  contentA,  has  been  allowed  to  cool, 
pour  15  or  20  c  e.  of  water  into  the  flnak,  boil  the  mixture,  pour  it 
upon  a  filter,  and  evaporate  the  filtrate  to  dryneat  upon  a  water-batb, 
taking  care  to  stir  it  constantly  when  nearly  dry.  Hydrated  sulphate 
of  manganefle  (MnSO^,4HjO)  will  be  obtained  as  a  reddish- white 
powder. 

Erp.  324 — For  the  sake  of  comparing  the  old  process  of  making 
oxygen  with  methods  now  in  use,  charge  an  ignition'tube,  such  at» 
was  uaed  in  Exp.  7,  to  one-third  of  its  capacity*  with  black  oxide  of 
manganese,  connect  it  with  tbe  water-pan  in  the  usual  way,  heat  it 
strongly  over  the  gas-lanip,  and  observe  the  comparatively  alow  rate 
mt  which  oxygen  is  evolved  from  it 

627.  Man^anie  Add  (MnOJ  has  not  yet  been  obtained  in  the 
free  state ;  it  is  known  only  as  it  occurs  in  combination  \iith  potash 
or  some  other  base.  Of  the  manganates,  those  of  potaswuro, 
sodium,  and  harium  are  the  best-known ;  they  are  isomorphoua 
with  the  oorreaponding  chroma! es,  sulphates,  and  selcniates.  The 
alkaline  manganates  are  innportant  compounds  to  the  fvnalysL 

Exp.  325. — Place  upon  a  piece  of  platinimi-foil  as  much  dry  car- 
bcmate  of  sodium  bs  could  be  held  upon  half  a  pea;  mix  with  it  an 
equal  quantity  of  powdered  nitrate  of  potassium  and  a  bit  of  binoxide 
of  manganese  a»  large  as  the  bead  of  a  small  pin.  Fu.^  tbe  mixtura 
in  the  outer  blowpipe-flame,  and  obs»er>e  the  bluish-greon-colored 
manganate  of  sodium  which  is  produced. 

£xp.  S2G.^Melt  together  in  an  iron  ladle  over  an  anthracite  or 
charcoal  tire,  10  grms.  of  hydrate  of  potassium,  tmd  7  grms.  of  chlo- 
TOte  of  potassium  f  stir  into  the  pasty  liquid  8  gmia.  of  yeij  fin«*Iy 
.powdered  black  oxide  of  manganese,  and  maintain  the  mixture  for 
a  short  time  at  a  temperature  just  below  visible  redness,  taking  care 

2m2 


632 


tmu^mjmg  mxEBAL, 


to  stir  it  frequently  witli  an  iron  rod.  When  the  cminli 
become  cold,  place  some  of  it  iq  a  test-tube  with  a  sniiill  quatitily  of  cM 
water  nnd  shako  the  tiibe.  As  so«;>n  as  the  j^oUd  particles  have  seltbd, 
there  will  be  aeen  a  clear  green  lB|uid,  which  is  a  eolution  of  man- 
ganate  of  potassium, 

Et}7.  327. — Pour  off  half  of  the  green  solution  of  manganate  of 
potassium  into  another  short  tertt-tube,  and  leave  it  open  to  the  abi 
the  gr^en  color  of  the  solution  will  gradually  change  to  hlue^  then 
to  violet  and  to  purple,  and  finally  to  ruby  red-  The  red  color  ii 
that  of  a  Bolution  of  permanganate  of  potassium,  into  which  the  man-' 
ganate  is  conTerted  by  exposure  to  the  air.  The  intermediate  colon 
are  merely  mLvturea  of  the  manganate  green  and  the  pennangansta 
crimaon.  On  account  of  these  remarkable  changes  of  color,  the  name 
chameleon  mineral  baa  been  applied  to  mangauate  of  poia^iumj  atkd 
by  thiH  term  it  is  still  commonly  known. 

MFtnganato  of  potasdum  is  a  very  unstable  salt^  especially  when  in 
tolution  I  it  may  be  readily  decomposed  in  a  great  variety  of  wayiL 
It  breaks  up  into  permimganate  of  potassium  and  binoxide  of  man- 
ganeae  when  the  aqueous  solution  is  mixed  with  a  large  quantity  of 
wateTi  and  even  strong  BoiutioQa  are  rapidly  decompoeed  in  the  same 
way  by  boiling : — 

SKjMnO^  +  2H,0  =  K.MnaO,  +  lilnO,  +  4KH0, 

By  means  of  acids^  the  change  from  manganate  to  permang«Ditt 
may  be  almost  instnntaneout^iy  effected ;  bnt  by  the  preaence  of  in 
excess  of  alkali  the  decomposition  is  always  greatly  retarded* 

£3rp.  828. — Add  a  few  drops  of  sulphuric  acid  to  the  remaimng 
portion  of  the  solution  of  toangaimte  obtained  in  Exp.  326,  and 
observe  that  a  quantity  of  the  led  permanganate  of  potassium  li 
immediately  produced. 

628,  PtrmatiganicAjcid  (Mn^O,),  or  rather  its  hydrate  K^Mn^O^ 
may  be  obtained  in  aqueous  solution  by  deoom posing  permanganate 
of  barium  with  sulphuric  acid.  The  solution  bleaches  powerfully, 
and  the  add  is  rapidly  destroyed  by  organic  matter  and  other 
feducing  agents.  Of  the  compoutida  of  this  acid»  that  with 
potaBsiom  ia  by  far  the  best-known. 

Exp.  329. — Place  300  c.  c.  of  water  in  a  porcelain  di*»h,  heat  it  to 
boiling  and  add  to  it  by  portions  the  remainder  of  the  powdiTcd 
green  manganate  of  Exp.  82G ;  from  time  to  time  a<ld  .^miiil  portioas 
of  hot  water  to  replace  that  which  evaporates,  and  continue  to  boil 
imiil  the  green  color  of  the  solution  has  changed  to  deep  violet  rvd^ 
and  the  manganate  of  potassiom  has  all  been  changed  to  pennangmito* 
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In  j^ase  the  inanganate  contains  a  large  excess  of  &ee  alkali  It  cannot 
readily  be  converted  into  permanganate  by  boiling;  it  will  therefore 
often  be  found  neceasftry  to  neutralize  with  nitric  acid  a  portion  of  the 
alkali  which  is  in  exccsa.  As  soon  as  the  transformation  has  been 
completed,  pour  the  mixtujre  into  a  tall  bottle,  leave  it  at  rest  until 
the  binoxide  of  manganese  and  other  insoluble  matters  have  settled; 
then  decant  the  clear  liquor  into  a  glass-stoppered  bottle,  and  pi"e?ierVQ 
it  for  use  in  subsequent  experiments.  The  insoluble  deposit  maj  be 
again  boiled  with  water  and  allowed  to  settle  ^  the  clear  liquor  thus 
obtained  may  be  added  to  that  previoudy  prepared. 

In  order  to  obtain  cryslala  of  the  permanganate,  a  cfear  solution 
like  that  above  described  should  be  rapidly  evaporated  to  a  snwdl  biilk^ 
then  decanted  from  the  binoxide  of  manganese  which  is  precipitated 
during  the  procesa,  and  set  a^ide  to  cooL  Needle-shaped  crystals  <\t  a 
dai'k  purple -red  color  will  so^in  be  formed ;  they  are  soluble  in  li«  parts 
of  water  at  15",  and  are  permanent  in  the  air*  It  is  well  to  purify  the 
first  crop  of  cr^atals  by  washing  them  with  a  little  cold  water^  then 
dissohing  in  the  lea^t  possible  quantity  of  boiling  water^  and  again 
crystallizing  in  the  cold.  Neither  the  crystals  nor  the  solution  should 
ever  be  brought  into  contact  with  paper,  Decantation  will  ordinarily 
be  sufficient  in  order  to  separate  the  crystals  from  th^  mother-litiuor; 
but  if  tiltratiou  be  neces^ry  in  any  casej  an  asbestos  filter  should  be 
employed  (Appendix,  5  1^)' 

620.  The  permanganate*  are  isomorphous  with  the  perehlorates 
k-125),  and  the  potassium  salts  of  the  two  acids  are  capable  of 

sttiUizing  together  iu  all  proportions*  These  compound  crystAla 
are  red-colored  when  they  contain  much  perchlorute  of  potassium, 
but  are  black  if  they  contain  as  much  as  half  their  weight  of  the 
pennanganate. 

In  the  t?anie  way  that  perchloric  acid  is  a  more  stable  acid  than 
chloric  acid,  so  permanganic  acid  is  less  readily  decomposed  than 
manganic  acid.  Both  manganic  acid  and  permanganic  acid^  how* 
ev^Tf  give  up  oxygen  to  other  substances  with  remarkable  faci- 
lity, and  are  much  used  as  oxidizing  agents.  Even  a  piece  of 
wood  or  pa[>er  thrown  into  tlie  green  or  red  solution  of  a  manga- 
nate  or  permanganate,  will  quickly  abstract  oxygen  from  the 
solution  and  destroy  its  color.  In  filtering  the  colored  solutions, 
paper  is  consequently  inadmissible,  as  has  been  stated  in  Exp. 
32y ;  asbestos,  sand,  or  some  other  inert  filte ring- m ate riul  must 
be  FOfEorted  to.     Permanganate  of  potassium  is  largely  eniployod 
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ibit  disinfeetingr  putnd  water  and  animal  or  TegotaUe  mfitten 
m  a  coBdilion  of  putrf^ faction.  A  solution  of  it,  such  its  ha*  item 
prepared  in  Exp.  329,  is  of  great  use  in  volumetrio  aaaljviBi 
especially  for  testing  the  value  of  iron  ores. 
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630.  Although  iron  is  one  of  the  most  widelj  difltised  tnd 
most  ahundont  of  the  metals,  it  la  rarely  found  native  iu  the  me- 
tallic state.  Meteors,  however,  fall  upon  tho  earth  from  outer 
space,  which  consist  mainly  of  metallic  iron,  contaminated  with 
Beveral  other  elements  in  small  proportions.  Minerals  containinjf 
iron  occur  in  great  numbers  ;  and  there  are  indeed  few  natural 
substances,  whether  organic  or  inorganic,  in  which  iron  is  not 
present.  It  is  found  in  the  ashes  of  most  plants,  and  in  the  blood 
of  imimals.  The  natural  compouiid^  of  iron  which  are  aviiilahb 
as  ores  of  the  metal,  are  chiefly  oxides  and  carbonates.  The  roost 
important  varieties  of  these  ores  of  iron  are  the  following : — I* 
Mngnetie  h^n^Qre^  the  nctiest  of  the  ores  of  iron,  containing  when 
pure,  72"41  per  cent,  of  iron,  and  not  infrequently  approximating 
closely  to  lliis  composition  m  large  masses.  2.  lUd  HtrmaUU, 
consisting,  when  pure,  of  anhydrous  scsquioxide  of  iron  contain* 
ing  70  per  cent*  of  iron ;  this  ore  often  yields  from  60  to  60  per 
cent,  of  tho  metal,  3,  Specular  iron-oref  which  is  a  cryj>»tallins 
form  of  the  sumo  anhydrous  sesquioxide  of  iron.  4.  Ltmumi4^^ 
Brown  iron-on,  which  consists  essentially  of  hydjated  sosquioxids 
of  iron,  containing  59*i:*9  per  cent,  of  iron ;  yellow  ochre  is  i 
chiyey  variety  uf  this  very  abundant  ore ;  the  numei'Ous  orei 
claased  under  this  head  yield  from  25  to  65  per  cent*  of  iron.  5. 
Spathic  iron -ore,  or  CarhonaU  of  iron,  which  contains  in  its 
purest  stjite  48-27  per  cent,  of  iron,  but  is  so  genemily  contami- 
nated with  manganese,  calcium,  and  magnesium  as  to  yield  vwy 
various  quantities  of  iron,  ranging  from  14  to  43  per  cent,  6.  Cla^ 
iron-orf,  a  name  applied  to  a  mixtm-e  of  clay  and  carbonate  ctf 
iron,  which  occurs  very  abundantly  in  the  coal-mea.'?ur<'s ;  «s  this 
ore  is  u  mixture  in  urjceitain  proportions,  it  yields  various  p«r* 
can  rages  of  iron,  ranging  from  26  to  40  per  cent. 

From   tho  richer  iron-ore^,  like    the  ningnetic   and  spccuhr 
oaddos,  a  very  excellent  iron  can  ba  obtained  by  &imply  hcatiuiP 
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the  broken  ore  with  charcaal  in  an  open  foi^  fire,  ur^d  b^  a 
blast.  The  ore  b  deoxidked  bj*  the  carbon  of  the  fuel,  and  the 
reduced  iron  is  agglomerate  into  a  pasty  lump  called  a  **  bloom,** 
while  the  earthy  impurities  contained  in  the  ore  combine  ivith  a 
jortion  of  the  oxide  of  iron  to  form  a  fusible  glass  or  slag.  The 
i|»ongy  bloom  is  freed  from  slag  and  rendered  homogeneous  and 
iolid  by  hammering  while  still  red-hot ;  by  reheating  and  bam* 
mering,  the  iron  is  then  converted  into  bars  or  shaped  into  anf 
other  desired  form.  This  process  is  not  economical  in  the  che- 
mical scn-ie,  for  much  iron  is  lost  in  the  slag,  and  much  fuel  is 
barnt  to  waste  in  an  open  fire ;  but  when  well  conducted,  it  yields 
an  admirable  quality  of  iron ;  and  since  the  original  outlay  for 
the  construction  of  a  bloomary  is  small,  and  repairs  upon  it  are 
always  easy,  the  method  has  many  advantages  in  r^ons  where 
transportation  is  dear  while  rich  ores,  charcoal,  and  water*power 
abound.  The  bloomary  process,  in  its  crudest  form,  is  oasOy 
practised  by  people  possessing  but  little  mechanical  skill  and  no 
chemical  knowledge ;  it  is  undoubtedly  the  oldest  method  of  ftx- 
tmcting  iron  from  its  ores. 

631.  In  the  extraction  of  iron  from  its  common  ores,  the  metal 
is  usually  obtained,  not  pure,  but  in  a  carburet  ted  fusible  state, 
known  as  cast  iron  or  pig  iron.  The  main  features  of  the  pro- 
cess are,  fii"st,  a  previous  calcination  or  roasting  to  expel  water, 
carbonic  acid,  sulphur,  and  other  volatile  ingredients  of  the  ore  ; 
secondly,  the  reduction  of  the  oxide  of  iron  to  the  metallic  state 
by  ignition  with  carbon ;  thirdly^  the  separation  of  the  earthy 
impurities  of  the  ore  by  fusion  with  other  matters  into  a  crude 
glass  or  slag ;  and,  lastly,  the  carbonizing  and  melting  of  the  re- 
duced iron.  With  the  purer  kinds  of  iron-ore,  the  preliminary 
calcination  is  not  always  essential ;  but  with  the  majority  of  ores 
it  is  very  dc^sirable  ;  not  nn frequently  all  the  drying  necessary  is 
effected  in  the  upper  part  of  the  blast  furnace  itself,  within  which 
the  three  last  steps  of  the  process  always  take  place. 

The  blast  furnace  for  iron  consists  essentially  of  a  hnge  cylin- 
drical structure  of  masonry,  15  to  25  m.  in  height,  and  5  to  6  m* 
in  diameter  at  tLe  central  portion  of  the  eyliiidor,  but  contracted 
to  a  less  diameter  both  at  the  top  or  throat  and  at  the  bottom  or 
Juarth.    Air  is  forced  in  at  the  bottom  of  the  furnace  to  support 
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the  combustion^  and  it  hds  been  found  adTantageous  in  tbe  m^ 
Jority  of  cases  to  heat  thi«  blast  of  air  to  about  the  melting-point 
of  lead  before  it  enters  the  fitrnace.  The  reduotion  of  the  oxides 
of  iron  being  efiected  by  the  carbonic  oxide  resulting  from  the 
combination  of  carbonic  acid  with  hot  carbon  (Exp*  181),  it  b 
not  di^eult  to  calculate  the  amount  of  carbon  and  the  amount  ot 
air  requisite  to  reduce  to  metallic  state  the  iron  contained  in  a 
given  weight  of  an  iron-ore  of  known  composition.  Thus  the 
formula  of  specular  iron -ore,  or  of  red  h£ematite,  is  Fe^O^,  and, 
since  the  atomic  weight  of  iron  is  56,  these  ores  ore  70  per  ccat» 
iron ;  accordinglj  the  following  quantities  are  equivalent  one  to 
the  other : — 

0-3214  «  0'42S5      a        im^ 

Requisite  weight      Weight  of  oxygen        Air. 
of  carbon  in         requisite  to  convert 
state  of  CO.  so  much  C  to  CO, 

For  eTcry  kilogramme  of  iron  produced,  nearly  two  kilogramrooa 
of  air  must  be  supplied,  and  at  least  j  Idlogramme  of  fuel,  merv*ly 
to  accomplish  the  chemical  reaction.  The  reduction  of  the  oxide 
of  iron,  however,  is  not  alone  snfBdent  to  secure  the  metal ;  iron- 
ores  almoBt  always  contain  earthy  admixtures,  consistuig  chkfly 
of  siliea,  clay»  and  carbonate  of  calcium ;  and  these  substanoas  ars 
80  intimately  mixed  with  the  reduced  metal,  that  it  15  eayential 
to  melt  them  before  the  iron  can  separate  by  virtue  of  its  grcat<sr 
specifie  gravity.  Any  one  of  these  substances  taken  alune  is  in- 
fusible at  the  temperature  of  the  furnace ;  they  must  be  converted 
into  fusible  double  sihcates ;  and  as  it  is  rarely  the  case  that  Ilia 
natural  impurities  of  an  ore  are  present  in  the  proportions  requi* 
fdte  for  the  formation  of  such  double  silicates,  it  i  :!/ 

neoessary  to  mix  with  the  ore  a  substance  intended  t  is 

result^  and  therefore  called  the  JIujp,  With  ores  in  which  the 
earthy  adi^ixture  is  chiefly  calcareous,  the  flux  must  be  clay  or 
some  siliceous  material ;  but  In  the  more  frequent  case  of  ortAS  coa* 
training  clay  or  silica,  the  flux  will  be  limestono  or  quickiimc. 
In  either  case,  a  fusible  double  silicate  of  aluminum  and  eulcium 
is  the  essential  constituent  of  the  slag.  With  silioeoiis  ore*  ibere 
is  another  reason  for  the  addition  of  lime ;  the  double  silicate  of 
aluminum  and  iron  is  very  iur>iblc,  and  a  considerable  qiuintitf 
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of  iron  might  be  lost  in  the  slag,  were  not  lime  enongh  added  to 
prevent  the  formation  of  this  iron-containing  silicate*  Somotiraea 
both  calcareouB  and  ailiceotis  ores  are  within  reach  of  an  iron- 
fiimaoe,  and  the  smelter,  by  mixing  the  two  varieties  in  due  pro* 
portion,  may  avoid  thi^  necessity  of  adding  a  flux. 

The  blast  furnace  is  charged  at  the  top  with  alternate  layers  of 
the  fuel  (which  may  either  be  charcoal,  anthracite,  or  coke),  the 
ore,  and  the  flux,  which  is  generally  Ume ;  these  materials  are 
constantly  supplied  at  the  top,  and  air  is  constantly  supplied  in 
immense  quantities  at  the  bottom  of  the  furnace^  the  actual  weight 
of  the  air  forced  in  being  greater  than  the  sum  of  the  weights  of 
the  ore,  the  fuel,  and  the  flux.  Where  the  blast  first  touches  the 
ignited  fuel,  carbonic  acid  is  formed ;  this  gas,  rising  with  the 
unused  nitrogen  through  the  furnace,  comes  in  contact  with  white- 
hot  carbon,  and  is  roduced  to  carl>onic  oxide  (Exp.  ISl).  Tha.. 
layers  of  solid  material  thrown  in  at  the  top  of  the  furnace  gra-| 
dually  sink  down,  and  as  soon  as  a  stratum  of  ore  has  descende 
sufficiently  to  be  heated  by  the  hot  mixture  of  nitrogen  and 
bonic  oxide  it  becomes  roduced  to  spongy  metallic  iron,  whiclv^ 
mixed  with  the  flux  and  the  earthy  impurities  of  the  ore,  settles 
down  to  hotter  parts  of  the  furnace,  where  it  enters  into  a  fusible 
combination  with  carbon,  while  the  flux  and  earthy  impurities 
melt  together  to  a  liquid  slag.  The  liquid  carburetted  iron  settles 
to  the  very  bottom  of  the  furnace,  whence  it  is  drawn  out,  at 
intervals,  through  a  tappinff-hclc,  which  is  stopped  with  sand 
when  not  in  use.  The  viscous  slag  flows  out  over  a  dam,  so  placed 
as  to  retain  the  iron,  but  to  permit  the  escape  of  the  alag  which^^ 
floats  on  the  iron,  as  fast  as  it  accumulates  in  sufficient  quantity* 
The  fusion  of  the  matoriab  in  the  lower  part  of  the  furnace  re- ' 
quires  a  great  heat ;  and  the  amount  of  fuel  consumed  in  getting 
this  high  temperature  is  much  greater  than  the  amount  requisite 
for  the  reduction  and  carbonization  of  the  metal.  As  charcoal 
is  a  much  purer  carbon  than  coal  or  coke,  iron  smelted  with  char- 
coal is  generaily  purer  than  that  smelted  with  coal;  but  as 
charcoal  crumbles  under  great  pressure,  the  fumiiccs  in  which 
charcoal  is  used  are  usually  much  smaller  than  those  intended 
for  anthracite  or  coke.  The  consumption  of  fuel  in  smelting 
1000  k.  of  iron  varies  with  the  nature  of  the  furtiace^  the  blast. 
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end  the  fuel,  between  500  k.  and  3000  k.  The  gases  which  i 
from  the  mouth  of  the  bla^t  furnace  are  charged  with  an  enor- 
mous heating- power ;  for  besides  being  themselves  intenselj  hot 
they  contain,  even  after  having  effected  the  reductiou,  a  largs 
proportion  of  combustible  gases ,  such  as  o&rbonic  oxide,  carbu- 
retted  hvdrogen,  and  hydrogen.  This  gaseous  mixture  takes  fire 
whenever  it  comes  in  contact  with  the  air ;  a  part  of  its  heat  may 
be  utilized  in  heating  the  air-blast  and  generating  steam* 

Two  distinct  varieties  of  cast  iron  exist,  which  differ  in  eolor, 
texture,  and  fusibility ;  these  are  white  cast  iron  and  gray  cast 
iron.  White  iron  is  hurd  and  brittle,  of  crystalline  texture  and 
shining  fracture.  Gray  iron  is  Blightly  malleable,  and  has  a 
granular  texture  ;  its  fracture  may  be  either  coarse  or  fine-grained, 
and  minute  partii^les  of  blaek  graphite  are  visible  upon  the  broken 
surface.  White  cast  iron  melts  at  a  lower  temi^erature  than  gray, 
but  does  not  become  so  liquid  as  the  gray.  Gray  cast  iron*  wheo 
rapidly  cooled,  is  converted  into  white  iron;  when  a  casting  ii 
made  in  an  iron  motild,  the  layer  of  metal  in  contact  with  the 
mould  is  chilled  and  converted  into  the  hard  white  iron,  whil^th* 
interior  of  the  easting  will  retain  the  condition  of  the  stronger 
gray  iron.  Excellent  shot  and  shell  for  rifled  cannon  havelateljr 
been  cast  on  this  plan.  The  chief  ohemicni  difference  betwecsa 
white  and  gray  cast  iron  consists  in  the  different  condition  of  the 
admixed  carbon.  In  white  iron  the  carbon  seems  to  be  diiyH»lved 
in  or  combined  with  the  iron,  while  in  gray  oast  iron,  on  the 
other  hand,  the  greater  part  of  the  carbon  seems  to  be  mechanie-ally 
diffused  through  the  solid  iron,  in  the  state  of  graphite.  The  two 
varieties,  however,  shade  off  into  each  other  through  a  great  r^ 
riety  of  intermediate  mixtures.  White  cast  iron  rusts  much  more 
slowly  than  gray  cast  iron.  When  whit©  iron  is  heated  with 
strong  chlorhydrie  acid  it  entirely  dissolves,  but  the  combined 
carbon  enters  into  combinfttion  with  a  portion  of  the  naseeat 
hydrogen,  forming  hydrocarbons  which  imjiart  a  peculiar  «meJl  to 
the  gas  evolved.  Gray  iron  does  not  wholly  dissolve  in  hot  chlaT- 
Lydric  acid  ;  a  residue  of  graphite  remains ;  but  the  gas  evolved 
has  the  same  smell  as  the  gas  evolved  from  white  iron.  When 
harSf  plutc!*,  or  implements  of  common  east  iron  are  exposed 
to  the  alow  action  of  dilate  aoida  or  of  saline  ttulutiona  such 
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as  BGii'Water,  the  iron  is  noi  infrequoBtly  whotlf  dissolved 
away,  while  the  graphitic  carbon  remains  untouoht'd — a  light, 
soft,  sectile  substance  which  often  retains  the  color  and  form 
of  the  original  article,  but  possesses  neither  hardness  nor  tena- 
city. The  laigest  proportion  of  carbon  found  in  cast  iron  is 
6' 75  per  cent, ;  this  large  percentage  occurs  in  a  lustrous  vanety 
of  white  iron  which  co  a  tains  manganese  and  is  called  specidar 
iron*  In  gray  iron  the  amount  of  carbon  varies  from  2  to  nearly 
5  per  cent. 

Silicon,  sulphur,  phosphorus,  manganese,  and  copper  are  very 
common  impurities  in  cast  iron.  The  silicon  comes  from  silica 
deoxidized  in  the  furnace  ;  its  amount  varies  from  0*1  to  3*5  p©r 
cent»  There  is  more  of  it  in  gray  than  in  white  iron,  and  more  in 
hot'blast  iron  than  in  cold-blust.  Sulphur  is  almost  always  pre- 
sent in  cast  iron,  but  only  in  very  small  quantity  ;  its  presence 
is  supposed  to  conduce  to  the  formation  of  white  iron.  The  pre- 
sence of  phoaphoru^  to  the  ext^jnt  of  1  or  2  per  cent,  is  not  un- 
common, and  does  not  injure  iron  intended  for  castings,  inasmuch 
as  the  phosphorus  makes  the  iron  more  fusible,  and  more  liquid 
when  melted.  Manganese  is  frequently  present  in  cast  iron,  as 
is  not  unnatural  considering  the  common  association  of  manganese 
ores  with  iron-ores.  Cast  iron  containing  munganese  appoara  to 
be  especially  suitable  for  the  production  of  stceL 

The  production  of  malleable  or  **  wrowjhV^  iron  from  cost 
iron,  consists  essentially  in  burning  out  the  carbon,  silicon,  sul- 
phur, and  x^hosphorus  which  cast  iron  contains.  This  oxidation 
of  the  impurities  of  cast  iron  is  effected  either  by  blowing  upon 
the  molted  metal  with  an  air-blast  in  a  small  charcoal  furnace 
called  a  ''  finery,'*  or  by  stirring  the  melted  iron  in  a  reverbere- 
tory  furnace  in  which  the  fuel  does  not  come  in  contact  with  the 
metid,  and  into  which  air  can  be  admitted  at  will ;  the  latter  pro- 
cess, now  much  the  most  important  method  of  manufacturing 
wrought  iron,  is  called  ^*  pudiUinff^*  In  puddling  it  is  customary 
to  add  to  the  charge  of  pig  iron  a  quantity  of  iron  scale  or  other 
oxide  of  iron.  The  oxi<lation  of  the  silicon,  carbon,  phosphorus, 
and  other  impurities  is  ctfeeted  partly  by  the  air  and  partly  by 
the  oxide  added  to  the  chfiry:e  ;  the  carbon  bums  to  carbonio 
axidey  which  heaves  the  seoihing  mass  as  it  escapes  and  bums  in 
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jets  of  blue  flame  ;  the  other  impurities  fonn,  with  the  oxidei  of 
iron  and  manganese,  a  cinder  or  slag  which  ordimirily  coDtaini 
sulphur,  silicic  acid,  and  phosphoric  acid.  When  the  cust  iron  u 
BO  iiir  decarbonized  aa  to  be  pasty  in  the  fire,  it  is  gathered  into 
lumps  OE  the  end  of  an  iron  bar  and  carried  from  the  furnace  to 
a  hammer  or  squeeiser  which  expresses  the  liquid  sUj^  and  weldB 
into  a  coherent  mass  the  tenacious  iron.  The  hammered  lamp 
may  be  reheated  and  rolled  or  Ibrged  into  any  desired  shape* 
The  waste  of  iron  in  converting  cast  into  malleable  iron  amount* 
to  firom  13  to  30  per  cont« 

0 I'd! nary  malleable  iron  has  a  gray  color,  and  a  specific  gravity 
of  about  76.  Though  less  malleable  than  gold  and  silver,  ita 
malleability  is  very  great,  and  the  greater  the  purer  the  metal 
and  the  higher  the  temperature  to  which  it  is  raised.  At  a  red 
heat,  feeparate  pieces  may  be  firmly  united  by  hammering  or 
rolling  ;  tbc  opo ration  is  called  tvelding*  Sulphur  is  said  to  ren- 
der wrought  iron  brittle  while  hot  or  "  red-short ;  *'  silicon  and 
phosphorus  render  iron  brittle  at  the  ordinary  temperature^  or 
«  oold-short,''  in  technical  phraseology.  These  common  impit- 
ri.tie^  of  catit  iron  are  therefore  very  prejudicial  to  wrought  iron^ 
Wrought  iron  is  hammered  or  rolled  whilo  in  a  doughy  condition; 
and  the  uniform,  close,  fibrous  texture  which  is  valued  in  mal- 
leable iron  depends  much  upon  the  nature  of  this  mechanical 
treatment^  and  the  extent  to  which  it  is  carried.  Common  mal- 
leable iron  still  contains  from  0'25to0'5per  cent,  of  carbon;  tho 
smaller  the  amount  of  wirbon  the  softer  the  iron.  Wrought  iron 
diasolvos  almost  completely  even  in  dilute  acids ;  but  the  hydro^n 
evolved  has  the  peculiar  smell  attributed  to  the  presence  of  car- 
bonaceous vapor, 

032.  Steel. — ^This  invaluable  substance  is  in  composition  inter- 
mediate between  cast  and  wrought  iron,  containing  less  cartoon  than 
east  iron,  but  more  than  wrought.  It  may  be  made  fi^om  wrought 
iron  by  heating  bars  of  iron  to  redness  for  a  week  or  more  in  t'*ju» 
taut  with  powdered  charcoal  in  close  boxes  from  which  air  is  cars- 
fully  excluded*  Though  the  iron  is  not  fused,  nor  the  carbon 
vapt»riKed»  yet  the  carbon  gradually  p*^netrate^  the  iron  and  alters 
its  original  pn*perties  ;  when  the  bars  ure  withdrawn  from  the 
chests  iu  ^vluLh  tlicy  were  packed,  the  metul  has  become  fino^-ained 
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in  fracture,  more  brittle,  and  more  fasible.  The  bars,  how- 
ever, are  far  Irora  uniform  in  composition,  the  outside  bein^  more 
highly  c4irbonii5ed  than  the  interior  ;  they  are  apt  to  show  blisters 
of  various  sizes  on  the  surfaces,  and  the  steel  thus  prepared  is 
eallod  •*  blistered  "  stoeL  To  obtain  steel  of  a  uniform  quality,  it 
must  be  cast  into  ingots.  This  process  of  preparing  steel  is  called 
the  "  cementation  "  process ;  it  is  a  curious  instance  of  chemical  ao- 
tion  between  solid  materials  which  are  apparently  in  a  state  of  resti 
Since  the  materials  used  in  this  process  are  the  purest  attainable 
— the  best  iron  and  the  best  charcoal — the  steel  obtained  is  of 
the  best  quality*  Cheaper  methods  of  preparing  an  inferior  steel 
are,  however,  of  great  industrial  importance*  If  the  **  puddling  ** 
process  for  preparing  malleable  iron  should  be  arrested  when  the 
east  iron  had  lost  from  one-half  to  two- thirds  of  its  carbon,  the 
product  would  be  an  impure  steelj  impure  because  the  silicon, 
phosphorus,  sulphur,  and  other  impurities  of  the  cast  iron  would 
only  be  incompletely  removed,  Kevertheless  there  are  uses  in 
the  arts  for  a  steel  of  this  quality  which  may  be  cheaply  manu- 
£actured. 

633.  A  new  and  rery  rapid  method  of  preparing  cast  steel 
directly  from  cast  iron  is  that  known  as  the  Bessemer  process. 
PjTom  two  to  six  tons  of  cast  iron,  previously  melted  in  a  suitable 
furnace,  are  poured  into  a  large  covered  crucible,  made  of  the 
most  refractory  materials,  and  swung  on  pivots  in  such  a  manner 
that  it  can  be  tipped  up  and  emptied  by  means  of  an  hydraulic 
press.  Through  numerous  apertures  in  the  bottom  of  the  cniciblo 
a  blast  of  air  ia  forced  up  into  the  molten  metal;  an  intense 
combustion  ensues  involving  the  carbon  in  the  iron  and  a  portion 
of  the  metal  itself,  and  generating  a  most  intense  heat,  which 
keeps  the  mass  fluid  in  spite  of  its  rapid  approach  to  the  con- 
dition of  malleable  iron*  Such  a  quantity  of  sjKscular  iron  or 
white  cast  iron  ia  then  added  to  the  iron  in  the  crucible  as  ia 
neoeaaary  to  g^ve  carbon  enough  to  convert  the  whole  mass  into 
gieel,  and  the  melted  steel  is  immediately  cast  into  ingots.  Six 
tons  of  cast  iron  can  thus  be  converted  into  tolerable  steel  in 
twenty  minutes.  This  steel  is  suitable  for  the  manufacture  of 
azlesy  cranks,  rails,  boiler-plates,  and  many  other  articles  in  whioh 
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great  strength  should  be  combitiod  with  hardness.  A  ptire  stirf 
cannot  at  present  he  made  hy  this  process,  inasmuch  as  tho  com- 
bustion in  the  cracible  doea  not  get  rid  of  the  fiulphur  and  phoa- 
pborus  in  the  east  iron  nearly  aa  peifectly  as  does  the  puddling 
process ;  for  the  same  rea^ion  the  manufacture  of  wrought  mm 
by  this  method,  though  the  original  object  of  the  inventioD,  hai 
been  thus  far  found  impracticable.  It  deserrea  mention  that  tfca 
nailer  who  keeps  his  naO  hot,  while  hammering  it,  by  a  carefollr 
regulated  blast  of  cold  air,  applies  the  chemical  fact  involred  m 
Besseraer*8  process.  This  ancient  practice  was  indeed  a  prophecy 
of  Bessemer^B  invention. 

G34.  The  two  qualities  of  etcel  which  are  of  greatest  importaiioe 
are  its  hardness  and  its  elasticity.  These  qualities  are  d€T»* 
lopod  by  quickly  cooUng  tho  heated  metal;  the  delicate  pro- 
cesfioa  by  which  steel  tools  and  springs  are  hardened,  tetnpenrit 
and  annealed  are  exceedingly  curious,  but  are  rather  phydcnl 
than  chemical  phenomena.  Many  implements  are  suffidentJiy 
well  made  by  converting  their  exterior  surfaces  into  steely  leading 
the  interior  of  cast  or  wrought  iron*  Thus  cast-iron  tools  may 
be  heated  with  oxide  of  iron  to  remove  a  part  of  the  carbon  (^m 
their  exterior  and  thus  coat  them,  as  it  were,  with  steel.  Tires 
for  wheels  are  well  made  of  wrought-iron  bars  which  have  been 
superficially  converted  into  steel  by  the  cementation  process; 
such  tires  combine  the  toughueea  of  malleable  iron  with  the 
hardness  of  steel. 

635.  Grides  of  Iron. — There  are  several  definite  compounda  of 
iron  and  oxygen.  The  best-known  of  these  oxides  are  the  pro- 
toxide (FcO),  or  ferrous  oxide,  as  it  is  often  called,  and  the  sea* 
quioxide  (Fe,p^),  often  called  ferric  oxide,  and  sometimes  spoken 
of  as  peroxide  of  iron.  There  is  another  oxide,  ferric  acid  FeO^, 
which  is  an  exceedingly  unstable  substance,  known  only  as  it 
exists  in  combination  with  potassium,  as  ferrate  of  potaaatum 
(K^FeO^),  or  with  some  other  powerful  base,  Besidee  theai 
oxidesi  there  are  sererul  compounds  of  intermediate  composition, 
which  may  be  supposed  to  result  from  the  union  of  ferrous  and 
ferric  oxides,  in  various  proportions ;  they  are  called  collectively 
ferroflo-ferric  oxides  j   the  most  important  among  them  in  tha 
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magoetio  oxido  Fe^O^  =  FeO,FejO,.  whioh  10  the  black  oxide 

formed  when  iron  is  oxidized  at  high  temperatures  in  oxygea 
gfkSf  in  air  or  steam  (§§  £>,  18,  34). 

636,  Ferrous  Oxide  or  Prot<yxide  of  Iron  (FcO), — ^This  com- 
pound m  not  easily  obtained  pure,  since  it  absorbs  oxygen  from 
the  air  with  great  avidity  and  thus  becomes  contamiDutcd  with 
the  sesquioxide*  But  by  dissolving  a  ferrous  salt  (that  b,  a  salt 
of  protoxide  of  iron)  in  recently  loiled  water,  and  adding  to  the 
liquid  a  solution  of  caustic  alkali,  which  has  likewise  been  boiled 
to  expel  air,  there  will  be  precipitated  a  whit«  ferrous  hydrate, 
provided  the  operation  be  conducted  out  of  coutact  with  the  air. 
If  this  hydrate  be  exposed  to  the  air,  as  when  the  solution  of  a 
ferrous  salt  is  mixed  with  the  alkali  without  the  precautions 
above  enumerated,  it  will  rapidly  absorb  oxygen  and  will  ex- 
hibit various  ehades  of  light  green,  bluish  green,  and  black,  till, 
finally,  it  assumes  the  red  color  of  hydrated  ferric  oxide  (Exp. 
S41).  The  anhydrous  oxide  obtained  by  igniting  ferrous  oxalate 
in  close  vessels,  absorbs  oxygen  so  rapidly  that  it  takes  fire  when 
brought  iuto  contact  with  the  air, 

Hydrated  feiTous  oxide  is  readily  soluble  in  acids,  forming  saltB 
known  as  the  protosalts  of  iron  or  ferrous  salts ;  many  of  these 
salts  are  of  a  pale  green  color;  like  the  hydrate,  they  rapidly 
Buffer  decomposition  by  absorbing  oxygen  from  moist  air. 

637.  Ferric  Ox'hU  (Fe^Oj. — ThLs  oxide,  called  also  red  oxide, 
sesquioxide,  or  peroxide  of  iron,  oocutb  very  abundantly  and 
widely  distributed  in  nature.  Several  of  its  varieties  have  been 
already  mentioned  as  ore^  of  iron  (§  630),  It  ma}*  be  obtained 
also  by  igniting  metallic  iron  or  either  of  the  lower  oxides  or 
hydrates  in  contact  with  the  air.  For  use  in  the  arts,  it  b  pre- 
pared by  igniting  ferrous  sulphate  with  or  without  addition  of  % 
email  pioportion  of  nitrate  of  potassium,  or  by  roaitting  the  nattvft 
hydrate  (yellow  och-c).  The  better  sort,  known  as  rougie,  in 
largely  employed  for  polishing  glass  and  jewel r>%  and  all  i 
of  it  are  extensively  used  as  pigments.  Ked  ochro  b 
ferric  oxide.  As  commonly  met  with,  the  oxide  is 
and  has  a  red,  brown,  or  nearly  black  color,  uccordtnir  i»»  lip- 
method  of  its  preparation.  At  a  full  white  boat,  It  gifM  Jiff  l 
portion  of  its  oxygen,  and  magnetic  oxide  of  ii^ou  im  tevvi    J,: 
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is  eorsily  reduced  to  the  metallic  state  by  hydrogen  gas,  even 
temperatures  below  redtiesa,  and  by  carbon  and  carbonic  oxide  nt 
a  red  beat*  as  has  bQon  stated  in  §  631.  Ammonia  gu8  rcduooa 
it  also  at  a  red  heat. 

^/i.  330.— In  the  middle  of  a  tube  of  hard  glass,  Na  S,  10  e.  c 
loufT,  nnd  provided  at  both  ends  with  corks  carryiug  abort,  ttraig^bt 
delivery-tubes,  place  a  teiispoouful  of  red  ochni  or  ijrnited  iron-ruat 
Attach  to  one  end  of  the  tube  a  hydrofferj-g'enerfttor  or  jraft-htdder 
provided  with  a  chloride-of-calchiui  drying-tube,  and  connect  with 
the  other  eud  a  U'tu1)ti.  Support  the  tube  containing  03ude»  of  iroa 
upon  a  ring  of  the  iron  Btaad,  cause  a  current  of  hydrogen  to  flow 
thmugh  it,  immerse  the  U-tube  in  a  bottle  of  cold  water*  and  finally 
heat  the  oxide  of  iron*  The  hydrt^gen  will  combine  with  the  oxy^n 
of  the  red  oxide  of  iroUi  water  will  be  formed  and  will  condense  in  the 
tJ-tube,  while  finely  divided  metallic  iron  will  be  left  behind*  Aftiir 
the  reduction  haa  been  completed,  allow  the  tube  to  become  cold,  anil 
then  scatter  its  contents  tbrou^^h  the  air  upon  an  earthen  plate.  They 
will  take  iire  and  bum  again  to  the  condition  of  red  oxide. 

£.rp.  :i3L — Repeat  E.\p.  *^»30^  lUfing  carbonic  oxide  instead  of  hy- 
dr<igon,-  the  product.*?  will  be  iron  and  curbonic  acid  inat+jad  of 
and  water. 

633.  The  facility  with  which  red  oxide  of  iron  gives  up  oxy* 
gon,  taken  in  connexion  with  the  readiness  with  which  metallic 
iron  and  tbe  protoxide  take  on  oxygen,  is  a  feet  of  gr^at  practical 
importance.  It  hjis  been  found  that  organic  substances  may  be 
more  rapidly  incinerated  by  heatitig  them  in  the  air  in  contact 
with  a  small  quantity  of  ferric  oxide  than  in  air  alone  ;  the  oxide 
of  iron  appears  to  act  as  a  carrier  of  oxygen,  as  it  is  alternately 
reduced  by  the  combtistible  and  again  oxidized  by  the  air.  Eren 
at  ordinary  temperatures,  and  ivith  the  hydrated  oxide,  the  same 
reactions  are  witnessed,  though  in  a  less  degree*  The  iron 
nails  employed  in  the  construction  of  ships,  bridges,  fencoe,  or 
eho43s,  actually  corrode,  "e^t  up"  or  *' bum  out''  the  organic 
matter  in  contact  with  them,  by  absorbing  oxygen  from  the  air 
and  transferring  it  to  the  carbon  compound  with  wliich  they  arc  in 
contact.  The  rotting  of  canvas  by  iron -rust,  or  of  a  fisliing-line 
by  the  rusty  hook,  are  familiar  instances  of  eorruption  by  rost. 

These  reactions  doubtless  play  an  important  part  in  the  fomiM 
tiou  of  soil^  by  the  oxidation  of  vegetable  remains. 


! 


b 


■ 


In  the  same  way  ferric  oxide  converts  sulphide  of  calcimn 
(CaS)  into  sulphate  of  calcium  (CaSO^)  at  the  expense  of  the 
oxygen  of  the  air.  A  useful  cement  has  been  prepared  by  mixing 
the  residual  oxy sulphide  of  calcium  of  Leblanc's  soda  procees  with 
an  equal  weight  of  the  ferric  oxide  left  as  a  residue  in  burning 
iron  pyritAfi  for  fiulphuric  acid*  HydrtUod  aesqiiioxide  of  iron 
(Fe^OjjIiHjO)  may  readily  be  prepared  by  adding  an  excess  of 
ammonia- water  to  the  solution  of  almost  any  ferric  salt. 

^xp.  332, — Cover  a  teaspoonfid  of  fine  iron  filings  or  fimall  taclcB 
with  three  or  four  times  as  much  dilute  sulphuric  acid  in  a  smnll 
bottle ;  wait  until  the  evolution  of  hydrogeu  ct*aaea,  then  decant  the 
cle«T  liquor  into  a  small  flask  or  beaker,  add  to  it  a  few  drops  of  strong 
nitric  acid»  and  heat  it  to  boiling.  Thn  liquor  will  soon  be  colored 
dark  brown  by  the  nitrous  fumes  resulting  from  the  decomposition  of 
the  nitric acid^  which  aie  for  a  short  time  held  dissolved  by  the  liquid; 
but  this  deep  coloration  soon  passes  away,  and  there  is  left  only  the 
yellowish -red  color  of  the  ferric  sulphate  which  has  been  formed. 
Add  to  the  solution  ammoni ft- water,  until  the  odor  of  the  latter  pei^ 
nsts  after  agitation,  and  collect  upon  a  filter  the  flocculent  red  preci- 
pitate of  ferric  hydrate. 

Besides  this  normal  hydrate  (Fe^O^jSH^O)  there  are  several 
other  ferric  hydrates,  containing  smaller  proportions  of  water. 
They  are  found  in  nature^  and  may  be  obtained  by  heating  the 
normal  hydrate,  or  by  suffering  it  to  remain  for  a  long  while 
under  water,  or  by  boiling  it  for  some  time  in  water. 

639.  Generally  speaking,  hydrated  sesquioxide  of  iron  is  easily 
soluble  in  acids,  though  some  peculiar  varieties  of  it  dissolve  only 
with  diffictilty*  The  anhydrous  oxide  also  dissolves  in  adds, 
though  less  easily  in  proportion  as  it  has  been  more  strongly  ig- 
nited ;  its  best  solvent  is  concentrated  boiling  chlorhydric  acid* 

By  long-continued  heating  at  300°  or  320^,  ferric  hydrate  can 
be  deprived  of  all  ita  water,  and  still  be  readily  soluble  in  acida ; 
but  when  heated  to  dull  redness,  this  powder  suddenly  glows 
brightly  for  a  moment  and  contracts  in  bulk,  without  either 
losing  or  gaining  weight,  and  is  then  attacked  by  aoids  only 
slowly  and  with  difficulty.  It  has  been  observed,  however,  that 
the  Ignited  oxide  may  still  be  dissolved  rather  easily  by  a  hot 
mixture  of  ohlorhydrio  acid  and  forrons  chloride,  protochloridd  of 
tin,  zinc»  or  some  other  reducing  agent* 
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Ferric  hydrate  is  somewhat  used  as  &  mordaiit  in  dyoing* 
18  largely  employed  for  purifying  ooal-gas-  As.biis  been  stated 
under  arsenic,  the  recently  precipitated  hydrate  acU  aa  an  anti- 
dote to  arsenious  acid,  since  when  given  in  sufficient  quantity  it 
forms  a  basic  arsenite  of  iron  scarcely  at  all  acted  upon  by  water. 

&p.  383* — Dissolve  half  a  ^rainme  of  arsenious  acid  in  40  or  50  c  e. 
of  boiling  water.  Divide  the  aolution  into  two  portions,  and  nin  inW 
one  of  these  portions  a  considerable  quantity  of  moist  ferric  hydratfi 
such  as  was  obtained  in  Exp,  332 ;  lilter  the  mixture,  neiduUte  ths 
filtrate  with  ehlorbydric  acid^  and  test  it  for  arsenic  by  metns  of  aul^ 
phydric  iu^id  (§  340), 

If  a  eufUcient  quantity  of  ferric  hydrate  has  been  employed,  no  pre- 
cipitate of  Bulpbide  of  arsenic  will  be  obtained  in  the  iihrate^  ihotigli 
on  adding  a  drdp  of  chlorhydric  acid,  and  afturw<irds  eal  phydric  urid, 
to  the  original  solution  of  arsenic^  an  abundant  yellow  precipita-te  will 
he  at  once  thrown  down* 

Erp.  334,— Fill  a  tube,  30  c.m,  long,  with  alternate  tufts  of  cotton 
and  loose  layers  of  dry  ferric  hydrate,  pass  a  slow  current  of  sulphy- 
dric  acid  (Exp.  &\)  through  the  tube,  and  obi»erve  that  the  uxtde 
gradually  becomes  black  ;  it  appears  to  be  converted  into  ferrous  sul- 
phide, while  water  and  sulphur  are  set  free  : — 

FeaO„3H,0  -h  3HjS  =  2FeS  +  8  +  6H,0. 

After  a  pood  part  of  the  ferric  oxide  has  become  black,  remore  1 
contents  of  the  tube  to  a  porcelain  plate,  and  leave  them  exposed  to 
the  air  in  a  place  where  no  harm  can  be  done  in  cose  they  take  fira. 
By  the  action  of  the  air,  sesquioxide  of  iron  will  be  reproda^^ec!  and 
sulphur  set  free  within  the  mass ;  some  sulphurous  acid  i  M 

the  same  time,  and  heat  is  evolved,  as  will  readily  be  pt^rr  the 

quantity  of  material  be  large.  The  followin}^  equation,  though  it  does 
not  fully  express  the  complete  reaction  which  really  occurs,  mur  siiU 
serve  to  give  a  general  idea  of  these  chemical  changes : — 

2FeS  +  60  e  Fe,0,  +  8  +  SO^ 

In  practice  the  impure  illumiuating  gas  is  made  to  pass  through 
layers  of  ferric  oxide,  often  made  porous  by  an  a/dmixtnre  of  sjiwduft ; 
as  soon  as  the  oxide  ceaaes  to  absorb  sulphuretted  hydri^gen,  it  is 
"revivified"  by  forcing  or  drawing  throuj^h  it  a  current  of  iVfah  air  or 
hy  Fpreading  it  in  the  air.  The  oxide  is  thus  used  over  and  over  again, 
until  so  much  sulphur  has  accumulated  within  it  as  to  interfere,  me- 
chanieany*  with  its  absorbent  power.  The  sulphur  nuiy  readily  bo 
recovered  fi  om  this  mixture  by  distillation  j  or  the  spent  oxide  may  I>q 
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Qfied  insteiid  of  pyrites  for  mRking  etilphvric  acid,  wliewver  euoiigh  of 
it  can  be  obtained  to  repay  the  trouble  of  collecting. 

The  ferric  salts  are  usually  of  a  y  olio  wish -brown  or  red  color 
when  hydrated,  though  some  of  them  have  a  violet  tint's ;  they 
are  white  when  dry.  The  normal  salta  are  usually  soluble  in 
water  and  deliquescent ;  and  there  are  numerous  soluble  basic 
ealts,  besides  other  basic  salts  which  are  insoluble. 

In  the  ferric  salts  iron  plays  the  part  of  a  trivalent  element 
like  aluminum,  while  in  the  ferrous  salts  it  is  bivalent  like  cal- 
cium or  lead.  The  ferric  salts  closely  resemble  salts  of  aluminum, 
and  are  for  the  most  part  isomorphous  with  them.  Besides  act- 
ing as  a  base»  ferric  oxide,  like  oxide  of  aluminum,  combines 
with  several  of  the  more  powerful  bases  to  form  salts  called 
ferrites ;  magnetic  oxido  of  iron,  for  example,  may  be  regardid 
as  the  ferrite  of  iron. 

It  is  remarkable  that  ferric  oxide  may  be  displaced  from  many 
of  its  compounds  by  the  protoxide  of  iron  ;  thus,  when  hydrated 
ferrous  oxide  is  added  to  a  solution  of  ferric  sulphate,  hydrated 
aeei^uioxide  is  precipitated : — 

Fe,0,.3S0,  +  3(FeO,H,0)  =  re,0,.3E,0  +  3(FcO,SO,), 
In  like  manner,  carbonate  of  barium  precipitates  anhydrous 
ic  oxide  from  ferrio  salts,  but  upon  fL^rrous  salts  it  has  no 
action : — 

Fe,Cl,  +  3BaC0,  «  Fe^O^  -|-  3BaCl,  -f  3C0^. 
Sulphides  of  Iron, — There  are  several  sulphides  of  iron,  the 
most  important  of  which  are  the  protoaulphido  (FeS)  and  the 
bisulphide  (FeSj*  found  native  as  iron  pjTites,  There  is  a 
sulphide,  Fe,8^,  which  is  magnetic  Hke  the  oxide  to  which  it 
corresponds, 

640.  Ferroun  Sulphide  (FeS)  is  a  substance  of  great  value  io 
the  chemist  as  the  cheapest  source  of  the  important  reagent 
Bulphydric  acid  (§§  202,  210). 

This  sulphide  may  be  prepared  by  igniting  pyrites  in  a  covered 
crucible,  by  rubbing  roll  brinisttme  against  a  whit«?-hot  iron  bar,  or  by 
fusiag  together  sulphur  and  iron  turnings.  The  second  method  is  to 
be  recommended  if  the  student  have  ready  access  to  a  blacksmith's 
lbfg«L    The  sulphide  is  a  waste  product  in  those  chemical  works  whei^ 
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sulphate  of  lead,  obtained  from  dje-liouses,  is  reduced  to  the  metalHe 
state  by  fusion  with  iron  and  coaL  In  the  labor&tory  it  wmj  be  pre- 
pared a.H  follows ; — 

E^.  3.15. — Heat  a  common  Heaaian  crucible  to  rednees  in  a  fin  of 
coke  or  anthracite,  and  project  into  it  from  an  iron  spoon  flxicces^Te 
small  portions  of  a  mixture  of  7  parts  of  iron  turnings  and  4  parts  *if 
p<)wdered  sulphur,  rt^placiuji  the  cover  of  the  crucible  aft*^r  each  addi- 
tion of  the  mixtiu-e.  The  aulphur  and  iron  combine  with  great  energy, 
and  the  Bulphide  formed  melts  dowTi  to  the  liquid  state.  Siuce  tbo 
molten  sulphide  is  capable  of  dissolviiig  both  iron  and  sulphur,  accord* 
in^m  the  one  or  the  other  may  be  present  in  excess,  it  is  impos^ble  lo 
pi'upnre  a  pure  protosulphide  hy  this  method.  But  tiie  product  ob- 
tained as  above  described,  though  of  variable  eompositioo,  answeif 
perfectly  well  for  all  ordinary  purpose*.  When  the  crucible  has  be- 
come hulf*full  of  the  molten  sulphide,  remove  it  from  the  tire,  pouf 
out  ita  contents  upon  a  brick  Hoor,  and^  if  more  of  the  sulphide  be 
desired^  replace  the  crucible  in  the  fire  and  proceed  as  before. 

Where  comparatively  large  quantities  of  the  sulphide  are  required^ 
it  ia  well  to  bore  a  hole  through  the  bottom  of  a  plumbago  crucible 
and  set  the  latter  upon  the  grate-bars  of  the  f menace  in  such  mumer 
that  the  hole  may  remain  open;  till  the  crucible  with  iron  ttimings: 
heat  it  to  redness  and  throw  in  lumps  of  sulphur  upon  the  hot  iron. 
Aa  fast  as  aulphide  of  iron  forms  it  will  melt  and  flow  through  the 
hole  in  the  crucible  into  the  a^^hpit  below,  which  should  be  kept  clean 
to  receive  it.  In  the  preparation  of  sulphide  of  iron»  wrought  ircni 
should  always  be  employed.  From  the  tilings  of  cast  iron,  but  UttXe, 
if  any,  of  the  fusible  sulphide  can  be  prepared. 

The  foregoing  experiment  illustratets  the  practical  methods  of  maki&g 
ferrous  sulphide ;  but  several  other  reactioDS  which  produce  it  4ro  of 
acientiSc  interest  (compare  Exp,  86). 

E,rp,  330.— Arrange  a  bottle  for  generating  sulphuretted  hTdrog««« 
as  in  Exp,  S6|  but  in  place  of  the  delivery^ tube  in  Fig,  41  attach  10 
the  bottle  a  jet  for  burning  tbe  gas*  Ai^er  the  air  has  beon  com* 
pletely  expel! t»d  from  tho  bottle^  litrht  the  sulphydric  acid  gas  nt  th« 
jet,  and  hold  in  its  flame  a  piece  of  fine  iron  wire;  the  iron  will  bum 
to  ferrous  sulphide,  and  if  the  wnre  be  held  in  the  axis  of  tlu^  tlame,  so 
that  u  roiirtidernble  portion  of  it  shall  l>e  kept  red-hot^  ihe  globuU  of 
sulphide  of  iron  fonned  will  melt  and  flow  t»ackward  upon  the  wtw  as 
fast  aa  the  end  of  the  latter  is  consumed. 

Ejrp.  3:i7. — Mix  20  grms.  of  fine  iron  tilinga,  14  grms.  of  flowets  of 
Bulphur»  and  7  grms.  of  wnter  in  a  small  bottle,  and  heat  the  mixtiin* 
gently  upon  a  sand  bath,  or  set  it  aside  in  a  warm  plaoe.     Chemical 
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aciioQ  will  soon  aet  in^  mucli  beat  will  be  eyolyed,  and  in  the  course 
of  half  an  hour  the  mixture  will  become  black  from  formation  of  sul- 
phide of  iron.  If  the  porous  black  dulpbide  be  left  expo.sed  to  the  air, 
it  will  absorb  oxygen,  and  will  be  partially  converted  into  ferroua 
sulphate* 

A  firm  packing  or  lute  for  the  jointa  of  iron  Teasela  is  prepare<l  by 
mixing  together  60  parts  of  fine  iron  tilin(2:9,  1  part  of  flowera  of  sul- 
phur,  and  2  parts  of  powdered  chloride  of  ammonium.  The  mixture 
into  a  stiff  pa.*te  with  water^,  and  immedifttelr  applied  to  the 
soon  becomes  hot  and  awella  up,  and  sets  to  a  hard  compact 
iaaaa,  while  ammonia  and  sulphuretted  hydrogpen  are  disen^a^ed. 

Etjk  338. — Dissolve  a  small  crystal  of  ferrous  sulphate  (copperas) 
in  water,  and  add  to  the  liquid  a  drop  or  two  of  sulphydrate  of  ammo* 
nium  (§  526).  Black  sulphide  of  iron  will  be  thrown  down  (compare 
Exp.  334), 

The  finely  divided  ferroua  sulphide  obtained  in  the  wet  way,  as  in 
the  last  two  experiments,  dissolves  much  more  quickly  in  acids  than 
the  compact  sulphide  obtained  by  the  way  of  fusion ;  in  contact  with 
acids  it  GToWe^  gas  so  tumaltuously  that  it  would  be  inconvenient  aa 
a  source  of  sulphydric  acid* 

The  black  earth  between  the  stones  of  the  pavements  of  citiep^  and 
kWit  the  bottoms  of  drains  and  ceaspooU^  owi's  its  color  to  sulphide  of 
fixoiL  formed  by  the  putrefaction  of  sulphuretted  compounds  in  contact 
with  ferriu  oxide  contained  in  the  eartli. 

64 L  BlmlpJiide  of  Iron  (FeSj)  occiirs  abundantly  in  nature 
as  the  wcU-kiiown  mineral  iron  pijrUt^.  Two  distinct  forma  of 
it  are  met  with  i — the  yellow  cubical  pyrites,  crystallized  in  forms 
of  the  monometric  system ;  and  the  white  pyrites  or  marcasite, 
which  cryatoUizes  in  trimetric  forms,  A  third  variety  of  sulphide 
of  iron,  called  magnetic  pyrites,  id  of  different  composition  from 
the  foregoing,  and  contains  less  sulphur  than  the  bisulphide. 
Lron  pyrites  appears  to  have  been  sometimes  formed  in  nature  by 
the  deoxidation  of  sulphates,  such  aa  the  sulphate  of  calcium,  by 
meaus  of  organic  matter  in  presence  of  chalybeate  waters.  The 
formation  of  pyrites  has  often  been  noticed  in  solutions  of  sul- 
phate of  iron  into  which  organic  matters  liave  fallen.  But  bisul- 
phide of  iron  may  be  readily  formed  in  the  dry  way  also. 

The  compact  forms  of  yellow  pyrites*  whether  natural  or  arti- 
ficial, are  permanent  in  the  air;  but  when  finely  divided  the 
miaeral  oxidises  rather  easily,  with  evolutioii  of  considerable  heat. 
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^\1^iU^  iron  pyrites  oxidizes  rapidly  in  the  air,  no  matter  whelli«»r 
it  he  compact  or  iriable.  The  spontaneous  combustion  of  many 
"kinds  of  coal  is  due  to  the  oxidation  of  iron  pyrites  dissemimitcd 
through  the  combtistible.  Alum  and  copperas  are  oftou  prcpnrcd 
from  pyritous  shales,  either  by  firing  heaps  of  the  shale  artifici- 
ally*  or  by  aUowiiig^  the  heaps  to  take  fire  spontaneously  throu^sh 
oxidation  uf  the  pyrites,  and  then  regulating  the  combustion  m 
that  the  Lirgest  practicable  yield  of  sulphate  of  iron  or  of  aiilphftte 
of  aluniinura  shall  be  obtained.  So  long  as  the  temperature  of 
the  burning  pyrites  remains  comparatively  low,  ferrous  sulphate 
and  sulphurie  acid  are  the  principal  products,  the  latter  uniting 
with  the  alumina  of  the  shale,  if  such  be  present ;  when  the  b«ip 
has  become  c^ld,  the  sulphates  can  be  separated  by  lixiviating 
the  mass  with  water.  Wben  pyrites  is  roasted  at  higher  tem- 
peratures, as  in  the  raanufaeture  of  sulphuric  acid,  sulphu^cmi 
acid  is  given  off,  and  ferric  oxide  left  as  the  principal  residue. 

When  distilled  in  close  vessels,  one  atom  of  the  sulphur  is 
iron  pyrites  is  expelled,  and  ferrous  sulphide  remains*  Sulphur 
has  sometimes  been  prepared  in  this  way  in  &  dearth  of  natiTd 
suJphur. 

642,  Ferrovs  Chloride  (FeCl^)  may  he  obtained  by  passing 
chlorine  or  dry  cklorhyilric  add  gas  over  hot  iron ;  in  ca^e  chlor- 
hydric  acid  be  em  ployed  ^  hydrogen  will  be  evolved.  As  commonly 
mot  with,  however,  the  chloride  is  in  the  form  of  a  hydrate 
(FeClj-f  4H^0)  obtained  by  dissolving  metallic  iron  in  dilute 
chlorhydric  acid.  It  crystallizes  easily,  forma  double  salts  by 
uniting  with  many  other  chlorides,  and  may  be  deprived  of  ita 
water  without  decomposition  when  heated  carefully  out  of  con» 
tact  with  the  air. 

643.  Fej^ric  Chlonde  (Fe^Cl,), — ^As  obtained  by  burning  me- 
tallic iron  in  an  excess  of  dry  chlorine,  this  compound  oecim  n 
anhydrous,  glistening  scales,  which  volatilize  easily  when  hcati4* 
It  dissolves  readily  in  water,  with  evolution  of  heat,  and  deli- 
quesces rapidly  in  the  air.     It  hisses  when  thrown  into  water, 

^Once  dissolved  in  water,  it  cannot  be  freed  from  the  Wttt<!r  bf 
raporation,  since  chlorhydric  acid  goes  ofif  with  tho  water,  and  % 
tiasic  compound  of  ferric  oxide  and  ferric  chloride  remain*.  Hy- 
drated  ferric  chloride  may  readily  be  obtained  by  boiling  a  aolii- 
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tion  of  ferroxw  chloride  with  a  small  proportion  of  nitric  add,  or 
by  passing  chlorine  gns  through  a  solution  of  ferrous  chloride. 
From  concentrated  solutions,  ferric  chloride  crystallizes  with 
several  different  proportions  of  water.  Ferric  clilorido  comhinea 
with  many  of  the  metallic  chlorides  to  form  doable  compounds, 
among  which  the  ammonium  salt^  are  perhaps  the  most  stable. 

644.  Ftrro^a  Sulphate  (FcSOj. — A  hydrate  of  this  compound, 
of  composition  FeS0^H-7H./),  usually  called  copperas  or  green 
vitriol,  ia  the  most  common  of  all  the  compounds  of  iron.  It  may 
readily  be  prepared  by  dissolving  metallic  iron  or  protosulphido 
of  iron  in  dilute  sulphuric  acid.  On  the  large  scale  it  is  commonly 
prepared  by  roasting  iron  pyrites  at  a  gentle  heat,  or  aluminous 
shales  containing  pyrites  in  the  manner  already  indicated.  Some- 
times, however,  it  is  manufactured  directly  from  metallic  iron 
and  sulphuric  acid ;  and  it  is  obtained  as  a  secondary  product  in 
certain  metallurgical  operations  where  copper  is  precipitated*  by 
means  of  iron,  from  a  solution  of  copper.  The  reaction  is  analo- 
gous to  those  employed  for  obtaining  pure  silver  (Exp.  267)  and 
pui^  lead  (§  594). 

JSxp,  339. — Dissolve  5  grms.  of  common  Hue  vitriol  (sulphate  of 
copper)  in  50  or  60  c  c.  of  water,  acidulate  the  liq^uor  with  a  few  drops 
of  fiulpbiuic  acid,  pour  it  into  a  bottle,  and  place  in  it  a  rod  of  thick 
iron  wire.  Copper  will  immedialely  bejifiu  to  be  precipitated  as  a 
coaling  upon  the  iron,  snd  in  the  course  of  an  hour  or  two  will  be 
complot^ly  removed  from  the  iiw)lytiou-  The  original  blue  color  of  the 
aolution  wiU  disappear  and  be  replaced  by  the  faint  green  color  of 
copperas^  while  a  siiongy  mass  of  miftallic  copper  will  be  obtained :-' 
CuSO,  -h  Fe  =  FeSO^  ^  Ou. 
Decant  the  solution  of  ferrous  sulphate  from  the  precipitated  copper^ 
place  in  it  a  frai^ment  of  iron,  and  evaporate  it  to  a  small  bulk ;  pour 
the  concentrated  solution  into  a  wide-mouthed  phial,  cork  the  phial 
tijs^htly,  and  ^et  it  aside  in  a  cool  place ',  the  liquid  wUl  be  converted 
into  a  maas  of  copperas  crystals. 

It   has  been  proposed   to  prepare  copperas  from  the  "finery 

■lag"  of  the  puddling-fumaces{ where  east  iron  is  converted  into 

Hfrought  iron)  by  treating  this  dag  with  dilate  sulphuric  acid. 

"Re  finery  slag  consists  chiefly  of  basic  silicate  of  protoxide  of 

iron  (2Fcb,SiOJ. 

045.  When  perfectly  pure,  the  crystals  of  ferrous  sulphate  are 
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eompnct,  transparent,  and  of  a  bluish*green  color ;  but  in  dry  ttif 
they  effloresce  and  become  covered  with  a  white  incrustation » tbo 
color  ol"  which  subsequently  changes  to  rtisty  brown  through  iib- 
Borption  of  oxygen.  The  common  commercial  article  is  of  » 
grass-gjeeu  color,  and  is  contaminated  with  more  or  less  ferric 
Bulphate.  Besides  the  common  hydrate  containing  7  molecule 
of  water,  there  are  hydrates  which  contain  4,  3,  and  2  molccula 
ef  water  respectively*  From  all  of  these  hydrates  the  water  can 
easily  be  expelled  by  heat,  and  if  the  anhydrous  salt  thos  obt^^incd 
be  still  further  heated  it  will  decompose  ;  two  stages  in  this  dd* 
composition  may  be  formulated  as  follows : — 
I.  2FeS0^  =  SO,  H- 
II.  FeA.SO,  =  Fe,0,  +  SO., 
Basic  fenic  sulphate  is  at  first  formed,  while  sulphurous  acid  ii 
given  off;  and  finally  the  ferric  salt  is  itself  decomposed  into  an* 
hydrous  sulphuric  acid  and  feme  oxide.  Upon  this  reaction  thi» 
preparation  of  Nordbauscn  sulphui'ic  acid  depends  (§  239).  lilte 
ferrous  hydrate,  ferrous  chloride,  and  all  the  ferrous  salt^,  moist 
copperas,  or  an  aqueous  solution  of  copperas,  rapidly  absorbs  oxy- 
gen from  the  air. 

Exp.  340. — Pour  a  solution  of  copperas  into  an  open  capsule  i&d 
leave  it  exposed  to  the  air  for  a  day  or  two  ;  the  aolution  will  gmdually 
become  yellow  as  the  oxidation  proceeds,  and  after  a  while  a  maty 
precipitate  of  ferric  oxide,  or  of  highly  ba?ic  ferric  sulphnte,  will  hit 
The  oxide  of  iron  which  separates  under  these  conditions  is  not  ni'sdilj 
soluble  in  dilute  acids.  It  appears  to  be  im  isomeric  nioditicatioD  of 
the  easily  soluble  hydrate  which  is  precipitated  from  cold  ft?-rric  9olu« 
tions  by  alkaline  lyea.  At  all  events  the  sulphuric  acid  of  the  cop- 
peras is  insuflicit'nt  to  dissolve  all  of  the  ferric  oxida  formed  during  its 
oxidation.  In  most  cases  where  a  ferrous  salt  is  to  be  convert4*d  into 
a  ferric  gnlt,  it  h  best  to  add  a  certain  proportion  of  firee  acid  to  tha 
mixture,  in  order  to  prevent  the  separation  of  the  oxide. 

A  drflicultly  soluble  deposit,  mniilar  to  the  foregoingf,  may  resdUjbt 
obtained  by  boilmg  an  exceedingly  dilute  solution  of  almost  luiy  uf  the 
soluble  ferric  salts.  It  is  posk^ible  that  these  sediments  should  be  p&- 
garded  rather  as  highly  basic  salts  than  as  mere  hydrftt««.  Their 
inertne^  may  perhaps  be  due  to  the  presence  of  email  proportions  of 
the  acids  of  the  ^Its  from  which  they  have  been  derivM^  stUl  held  ia 
chemical  contbiiHttiun  ;  but  tht^re  is  at  present  less  evidence  in  ikmr  of 
thif  view  Uuui  uf  the  one  prtviouidy  slated. 


Brp»  S41,^To  a  tenspoonfut  of  a  aolntion  of  oop|>ers8  add  a  few  drops 
of  »oda  lye»  and  obeerve  that  the  hydmte  rapidly  absorbs  oxygen,  and 
changes  color  as  baa  been  set  forth  in  §  030, 

Mrp.  342. — Mix  a  few  drops  of  a  solution  of  copperas  with  a  drop  or 
two  of  a  Bolntion  of  tannic  acid,  such  for  example  as  tincture  of  nut- 

Igallg,  or  of  oak'  or  hemloek-bark ;  a  light  violt»t -colored  precipitate 
will  be  formed  and  will  remain  suspended  in  the  liquid;  by  expoi^ure 
to  the  air  this  color  soon  changes  to  black.  The  violut  precipitate  ia 
ferrous  taunate,  and  the  black  precipitate  ferric  tannate  j  if  these  tinely 
dividt^d  precipitates  were  produced  in  liquids  made  slightly  viscou.^  by 
the  addition  of  gum  or  sugar,  they  would  remain  suspended  in  the 
liquor,  which  could  then  be  used  as  writing-ink. 

Ink  may  be  prepared  as  follows : — Powder  separately  12  gnns.  of 
nutgalls,  5  gnus,  of  copp^ra?,  and  5  grms.  of  gum-arabic.     Boil  the 

■  Dutgalls  two  or  three  hours  in  a  flask  with  75  c.  c.  of  water,  taking 
care  to  add  hot  wat*?r,  by  small  portions,  to  supply  that  lost  by  evapo- 
ration. Allow  the  mixture  to  settle,  and  decant  the  clear  liquor  into  a 
clean  botUe.  Dissolve  the  gum-arabic  in  a  small  quantity  of  water, 
and  mix  the  mucilage  thoroughly  with  the  solution  of  nutgalls.  Dis- 
solve the  copperas  in  another  portion  of  water,  and  incorporate  this  so- 
lution with  the  mixture  of  nutgalls  and  gum.  Add  enough  water  to 
make  the  volume  of  the  mixture  equal  to  100  c.  c.  Preserve  the  ink 
in  a  tight  bottle.  If  the  color  of  the  product  b©  light^jr  than  is  de- 
aired,  the  liquid  may  he  left  exposed  to  the  air  until  it  has  acquired  a 
deeper  tint  When  first  applied  to  paper,  the  color  of  fresh  ink  ia 
^^comparatively  pale,  but  the  writing  darkens  gradually  in  proportion  as 
^f  it  absorbs  oxygen. 

In  the  couri*e  of  the  foregoxnjr  experiments,  dip  a  small  piece  of  cot- 

Iton  cloth  in  the  solution  of  nutgsll«,  and  allow  it  to  become  dry ;  then 
dip  it  in  the  solution  of  coppt  r&s  and  hang  it  up  in  damp  air.     Block, 
insoluble  tfuinate  of  iron  will  be  so  tirmly  precipitated  iu  and  upon  the 
fibres  of  the  cloth,  that  it  cannot  be  washed  away. 
The  expL*riment  illustrates  one  general  method  of  dyeing,  by  means 
of  which  blacks  and  grays  of  various  shades  may  be  applied  to  cloth  or 
^K  leather,  though  in  practice  other  astnngentdye-stufls^  such  as  catechu, 
^  eutch,  or  gambier,  aie  commonly  employed  in  place  of  nutgstlls. 

Ferrous  sulphate  is  largely  employed  in  dyeing»  8ometini«*s  directly, 
aa  in  the  foregoing  experiment,  but  often  as  the  source  of  other  com- 

I  pounds  of  iron  which  sre  employed  as  mordantii;  ferrous  acetate,  for 
example,  obta.ined  by  decomposing  ferrous  sulphate  with  acetate  of 
calcium,  is  a  compound  much  used  by  dyers.  It  should  be  remarked, 
however^  thut  acetate  of  iron  is  sometimes  made  directly  by  dissolving 
acraps  of  iron  in  vin«!gar  or  pyroligneoua  acid  (J  380). 
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648.  Fmrh  Sulphate  (Fe^SSO^)  is  interesting  chicfiy  from  its 
analogy  with  sulphttte  of  aluioinum.  Like  sulphate  of  aluminum, 
it  combines  with  the  fiulphates  of  the  alkali -metals  to  form  weU- 
detined  alums.  (Compare  §  625).  Ferric  snlphate  occurs  as  ft 
waste  product  in  the  mothor-liqiiora  from  which  copperas  and 
alum  have  crystallized.  By  drying  these  liquon  and  i^nittn^ 
them,  red  oehre  of  excellent  quality  can  be  obtained,  in  accor- 
dance with  the  second  reaction  of  §  645.  Faming^  sulphuric  acid 
is  commonly  manufactured  nowadays  by  distilling  pare  ferric 
sulphate,  instead  of  cop|>era8  as  formerly  at  Nordhausen.  The 
ferric  salt  is  obtained  by  dissolving  ferric  oxide  in  weak 
suljthuric  acid,  and  evaporating  the  solution  to  dryness;  the 
residue  of  ferric  oxide  left  after  the  ignition  of  the  sulphate  Ib 
thus  reconverted  into  ferric  sulphate,  and  is  used  over  and  over 
again  as  often  as  it  is  decomposed. 

647.  FtnrrouB  NitraU  (FeN^O^  +  ^HjO)  is  a  compound  of  con- 
siderable scientific  interest,  which  may  readily  be  procured  by 
dissolving  ferrous  sulphide  in  cold  dilute  nitric  acid,  or  by  de- 
composing a  feolution  of  copperas  with  an  equivalent  qunndty  of 
nitrate  of  barium.  It  may  also  be  obtained,  mixed  with  nitrate 
of  ammoiiium,  by  dissolving  iron  in  cold  dilute  nilrie  acid.  TUe 
metal  dissolves  without  evolution  of  gas,  in  a  manner  which  ms? 
be  thus  formulated : — 

4Fe  -f  lOHNO,  =  4FeN,0.  -h  (NHjNO.  +  3H,0. 

The  aqueous  solution  of  ferrous  nitrate  decomposes  readily  when 
heated,  and  in  warm  weather  changes  spontaneously  to  a  ferric 
compound, 

648,  Ferric  Nitrate  (Fe^SN^O,)  may  be  obtained  in  hydrated 
crystals  containing  18  molecules  of  water,  by  dissolving  nuuUic 
iron  in  nitric  acid,  of  1-29  specific  gravity,  till  tht*  liquor  has 
taken  up  about  10  per  cent,  of  the  metal,  and  then  adding  an 
equal  volume  of  nitric  acid  of  speeifio  gravity  1-43,  The  solution 
will  deposit,  on  cooling,  rhombic  prisma  of  ferric  nitrate,  which 
are  sometimos  coloriesa,  but  often  of  a  faint  lavender-blue  color* 
They  arc  sli-;]itly  deliquescent,  and  very  soluble  in  water,  but  axe 
only  slightly  soluble  in  cold  nitric  acid.  By  adding  nitric  acid  to 
a  syrupy  solution  of  ferric  nitrate,  there  may  bo  obtjiinod  another 
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hydrate,  eontaining  only  12  iBoleciiles  of  water/ crrstalli zed  in 

cubes  or  square  pmms.  By  mixing  a  solution  of  ferric  nitrate,  or, 
for  that  matter,  almost  any  other  of  the  normal  ferric  salts,  with 
recently  precipitated  ferric  hydrate,  or  by  partially  abstracting 
|he  acid  of  the  srJt  by  mcaiis  of  an  alkdi,  deep-red  Bolntions  of 
^Uteious  basic  compounds  may  readily  be  obtained.  A  basic  ferric 
nitrate  is  employed  in  dyeing,  under  the  name  iron  mordant. 

649.  Siliaites  of  Iron, — SeTeral  native  silicates  of  iron  are 
known ;  but  none  of  them  are  of  special  interest.  The  green 
tinge  of  ordinary  glass  is  due  to  the  presence  of  a  ferrous  silic^ite, 
and  by  increasing  the  propoi-tion  of  the  ferrous  salt,  a  deep  bottle- 
green  colour  may  be  imparted  to  glass.  Ferric  silicate,  on  the 
other  hand,  ha«^  comparatively  little  coloring- power,  though  when 
a  considerable  quantity  of  it  is  present  it  imparts  a  yellow  color 
to  glass.  It  is  sometimes  used  for  coloring  porcelain.  To  de- 
stroy the  green  color  of  the  ferrous  silicate,  binoxide  of  man- 
ganese, or  some  other  oxidizing  agent,  is  often  added  to  glass  in 
the  process  of  manufacture ;  the  ferrous  silicate  is  thus  converted, 
for  the  most  part,  into  ferric  silicate,  and  a  nearly  colorless  glass 
produced- 

65U.  Cyanides  of  Iron, — There  is  a  ferrous  cyanide  (re(CN)^), 
Imown  as  a  yellowish -red  precipitate,  which  takes  up  oxygen 
and  becomes  blue  when  exposed  to  the  air ;  and  a  ferric  cyanide 
(Fe.j(C^\)  has  been  obtained  in  solution.  But  by  far  the  best- 
known  of  the  cyanides  of  iron  are  certain  double  compounds, 
which  constitute  the  peculiar  pigments  known  collectively  as 
Prussian  blue.  Common  Prussian  blue,  for  example  (Fe^C^^jNjj-f 
ISH^O),  may  be  regarded  as  a  double  compound  of  ferrous  and 
ferric  cyanides,  3Pe(CN)^,  2(Pe^(CN)J  +  lbH./J ;  it  may  be  pre- 
pared as  follows : — 

£jrp.  343,— Add  to  an  exceedingly  dilute  solution  of  almost  any 
ferric  salt,  euch,  for  example,  as  the  fen-ic  sulphate  of  Exp.  332,  a 
drop  of  ferrocyanide  of  potajssium  { §  509).  A  beautiful  blue  precipitate 
will  form,  and  will  remain  suspended  in  the  liquor  for  a  long  while. 
Another  variety  of  Prussian  blue,  known  aa  Tumbull's  blue,  may  be 
obtained  by  mixing  a  solution  of  red  pru^iriate  of  potashj  known  to 
chemists  as  ferricyanide  of  potassium^  with  a  solution  of  copperas  or 
other  ferrous  suit 

Since  the  yellow  prusaiate  of  potash  will  give  no  blue  coloratioii 
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with  ferrous  ealts,  and  since  the  red  pmssiate  yields  no  blue  with 
ferric  sall«,  it  is  evident  that  the  two  solutions  may  be  used  as 
tests  by  which  to  detect  the  presence  of  ferrous  and  feme  aalta, 
respectively,  in  any  solution* 

Exp.  .344, — Soak  a  piece  of  cotton  cloth  in  a  solution  of  ferric  unl- 
phate  (Exp,  .332),  and  then  immeree  it  in  an  acidulated  ^ohillon  of 
yellow  ppu&siftte  of  potash.  Fru<*sian  blue  will  be  precipitated  upon 
the  cloth  and  will  remain  iirmly  attached  to  iL  Pruasiau  blue  ia 
largely  employed  in  dyeing  and  calico-prinlinjf  in  a  variety  of  way* 

Now  that  we  have  discovtTed  a  ready  means  of  detecting 
ferrous  and  ferric  salts,  it  wiU  be  woll  to  determine  experimentaDr 
how  easily  the  members  of  either  of  these  classes  may  be  changed 
to  ssdts  of  the  other  elafis. 

Ea:p.  346, — Dissolve  4  or  5  grma,  of  iron  tacka  or  wire  in  dilnta 

chlorhydric  at-id  in  a  test-tube,  pouriug  off  the  liquid  firom  time  to 
time  as  it  becomes  nearly  fiaturated.  Tei^t  a  few  dr<:>pfi  of  the  solution 
first  with  ferro-  and  then  with  feiricyanide  of  potassium,  in  order  U> 
prove  that  it  is  pure  ferrous  chloride.  Boil  the  rest  of  the  liciuid  with 
a  few  drops  of  nitric  acid  to  convert  it  to  ferric  chloride,  and  det4.'rminG 
when  the  conversi>:jn  ha^^i  been  completed  by  testing  a«i  before.  Finally, 
divide  the  ferric  solution  into  three  portions.  Through  the  first  portion 
pass  sulphydric  acid  g^ss  \  aulphur  will  be  deposited  and  ferrous  chlonds 
foimed. 

Fe,Cl,  +  HjS  =  SFeCl,  +  2HC1  -h  S; 

to  the  second  portion  add  small  fragments  of  protochloride  of  tin,  Qtttil 
a  drop  of  the  nuxture,  tested  with  the  terrocyamde,  wiU  no  longer  grive 
a  blue  coloration, 

Fe,Cl,  +  SnCl,  «  2FeCl,  +  SnCl^j 
boil  the  third  portion  with  a  fragment  of  metallic  tiuQ^  and  determine 
the  fact  of  reduction  as  before, 

Fe.Cl,  +  Zn   =  2FeCl,  -f  ZnCl,. 
By  leaving  either  of  these  reduced  solutions  in  the  air,  or  by  heating 
them  with  a  little  chlorate  or  nitr&te  of  potassium,  nitric  add,  or 
other  oxidizing  agent,  they  may  he  readily  converted  again  to  tho 
condition  of  ferric  salts. 


COBALT  Aim  TnClTEX* 

651.  Cobalt  and  nickel  are  two  metals  remarkably  similar 
to  one  another  both  in  physical  and  chentical  properties.  They 
are  found  together  in  nature  in  the  same  ores,  in  oombinatiaa 
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With  snlpbnr  and  arsenic,  and  ore  botli  ingredients  of  meteoric 
m.  They  can  be  reduced  from  their  oxides  by  charcoal  and 
hydrogen  at  high  temperatures,  and  the  melals  thus  obtained 
can  be  melted  about  as  readily  m  pure  iron.  Both  cobalt  and 
nickd  reaemble  iron  more  closely  than  any  other  common  metal ; 
they  are  very  tenacious,  hard,  and  refractory ;  like  iron  they  are 
magnetic^  and  when  hot  they  may  be  forged;  they  rust  less 
readily  than  iron,  but  resemble  it  closely  in  most  of  their 
chemical  propertios.  The  atomic  weights  of  cobalt  and  of  nickel 
are  identical ;  the  same  number  (5S*8)  applies  to  both.  The 
specific  gravities  of  the  two  metals  also  arc  equal  or  nearly  so, 
Tarying  in  different  samples  from  8*2  to  8*9.  Cobalt  is  not  used 
in  the  meUdllc  state ;  but  several  of  its  compounds  are  remarkable 
for  the  beauty  of  their  color,  and  find  important  applications  in 
the  arts  as  pigments^  especitdly  for  coloring  glass  and  porcelain. 
A  blue  glass  containing  silicate  of  cobalt,  obtained  by  fusing 
oxide  of  cobalt  with  ordinary  glass,  is  largely  employed,  under 
the  name  of  snialt^  as  a  vitiifiable  pigment.  This  coloration  may 
readily  be  exhibited  by  adfling  a  minute  particle  of  any  cobalt 
compound  to  a  borax  bead  (§  41)0)  upon  a  loop  of  platinum  vdre^ 
and  again  placing  the  bead  either  in  the  oxidizing  or  in  tlie 
reducing  flame  of  the  blowpipe,  Nickel,  on  the  other  band,  is 
used  in  the  metallic  state  as  an  ingredient  of  various  allop,  of 
which  the  alloy  known  as  German  silver,  composed  of  copper, 
zinc,  and  nickel,  is  one  of  the  most  important.  A  whitish  alloy, 
obtained  by  adding  nickel  to  copper,  is  sometimes  employed  for 
coin  of  low  denominations. 

652,  Both  cobalt  and  nickel  form  protoxides  (CoO  and  NiO), 
protochlorides,  and  protoxide  salts,  like  those  of  iron,  except  that 
the  protoaalts  of  cobalt  and  nickel  are  far  more  stable  than  the 
salts  of  protoxide  of  iron ;  so  that  the  protoxides  of  cobalt  and 
nickel  must  be  regarded  as  the  principal  oxides  of  these  metals. 
Like  iron,  chromium,  and  the  other  metals  of  the  family  now 
under  discussion,  cobalt  and  nickel  also  unite  with  oxygen  to 
form  sesquioxides  (Co^O,  and  Nij^O,),  and  these  sesquioxides,  or 
at  least  the  sesquioxido  of  cobalt,  combine  with  bases  to  form 
salts ;  but  these  salts  and  the  sesquioxides  themselves  are  com- 
paratively unstable  bodies ;  they  are  for  more  easily  decomposed 
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than  compoxitida  of  the  protoxides  of  cobalt  and  nickel,  or  than 
compounds  of  the  scBqidoxides  of  the  other  metals  of  the  group. 
Hence,  in  the  matter  of  nomenclattire,  the  salta  of  the  protoxide* 
of  coholt  or  nickel  take  precedence  of  the  salts  of  tJie  sesquioxidcf. 
^■hen,  for  example,  nitrate  of  cobalt  is  spoken  of,  nitrate  of 
protoxide  of  cobalt  is  the  substance  referred  to ;  whereas  when 
nitrate  of  iron  or  of  chrominra  is  mentioned,  without  further 
Bpccification»  we  must  infer  that  the  nitrate  of  the  sesqnioxide 
is  the  substance  meant.  The  use  of  terms  in  the  loose  manner 
referred  to  in  th^  foregoing  examples  is  of  course  always  to  \m 
deprecated ;  hut,  in  order  to  avoid  the  chance  of  being  misun- 
derstood, some  chemista  have  extended  to  all  metals  having  two 
salifiable  oxides  the  use  of  the  terminations  ous  and  tV,  which 
has  been  exemplified  under  iron  by  the  terms  ferrous  and  ferric 
oxides.  Thus  tho  terms  eobaltous  and  cobaltie  omdee,  aad 
nickclous  and  uickelic  oxides  have  been  applied  by  some  writcii 
to  the  oxides  of  cobalt  and  nickel ;  and  there  is  at  present  i 
tendency  to  adopt  and  amplify  this  system  of  names ;  but  thej 
are  as  yet  too  little  employed  in  the  literature  of  science  to  flad 
appropriate  place  in  an  elementary  manual. 

653.  TTraninm  is  a  rare  metal,  found  in  but  few  localities.  It 
can  be  reduced  Ijfom  its  chloride  by  means  of  hot  potassium, 
but  not  from  its  oxide  by  means  of  hydrogen.  Metallic  uranium 
is  of  a  steel-white  color,  and  is  somewhat  malleable;  it  dofs 
not  oxidize  in  air  or  in  water  at  ortiinary  tcmperrttures,  but 
burns  brilliantly  when  8trong:ly  heated  in  air.  It  dissolves  ift 
chlorhydric  or  sulphuric  acid,  with  evolution  of  hydrogen,  and* 
in  general,  is  cloudy  analogous  to  iron  and  manganese  in  iti 
chemical  behavior*  The  atomic  weight  of  uranium  is  120;  iU 
specific  gravity  is  18*4, 

There  are  two  principal  oxides  of  uranium,  capable  of  unitlQic 
ydih  acids  to  form  salts  (a  protoxide  UrO,  and  a  sesquioxido 
Ur^O^),  and  two  other  intermediate  oxides,  formed  by  the  union 
of  the  proto-  and  ses  qui  ox  ides  in  different  proportions.  The 
sesquioxide  also  plays  the  part  of  a  weak  acid  towards  strong 
Uranium  is  never  used  as  a  metal ;  but  compounds  of  It 
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are  Bomewli&t  extensiTely  employed  for  coloring  glsBs,  and  to  a 
certain  extent  in  photography  also.  Sesquioxide  of  uraninm 
imparts  a  beantiful  groenbh -yellow  color  to  glass,  and  the  glaBS 
thus  colored  is  to  a  high  degree  fluorescent ;  the  protoxide,  on 
the  other  hand,  gives  a  fine  black,  highly  esteemed  for  painting 
porcelain. 

6o4»  The  ealta  of  sesquioxide  of  uraninm  are  romarkable  in 
that  they  constitute  an  exception  to  the  general  rule,  that,  to 
form  a  normal  salt,  afi  many  molecules  of  the  acid  are  required 
as  there  are  atoms  of  oxygen  in  the  base  employed.  The  normal 
sulphate  of  calcium,  for  example  (§241 ),  may  be  formed  by  the 
union  of  CaO  and  SO^,  and  the  normal  sulphate  of  sesquioxide  of 
iron  is  composed  of  Fe^O,  and  3S0, ;  but  in  sulphate  of  sesquioxide 
of  uranium  we  find  only  Ur^Oj,SO^,  and  analogous  formulie  ex- 
press the  composition  of  the  nitrate  and  other  salts  of  this  oxide. 
But  in  spite  of  this  peculiarity,  uranium  has  many  properties  in 
common  with  the  otber  members  of  the  sesquioxide  gr«)up  of 
metals.  One  characteristic,  for  example,  of  this  aluminum-iron 
group,  which  is  shared  by  uranium,  is  that  the  sesquioxides  are 
csapable  of  uniting  with  acids,  not  only  in  the  ^xed  and  definite 
proportions  requisite  for  the  normal,  crystallized  salts  already 
described,  but  also  in  very  numerous  indefinite  proportions  to 
form  soluble  basic  compounds,  incapable  of  crystallization  for  tho 
most  part,  and  solidifying  in  tough  shining  masses  like  gum 
when  their'  solutions  are  allowed  to  evaporate  spontaneously  in 
the  air.  Nitrate  of  iron,  for  example,  may  be  made  as  basic  as 
the  compound  SFe^Oj^N^Oj,  and  still  be  soluble  in  water;  and 
between  this  limit,  on  the  one  hand,  and  that  of  tho  crystallized 
normal  salt  (Fe^Oj^SNjOj-t-lHH^O)  upon  the  other,  sesquioxide 
of  iron  and  nitric  add  can  combine  chemically  in  every  con- 
ceivable proportion.  The  compounds  of  sesquioxide  of  iron  wifii 
other  acids,  and  the  nitrates  and  other  salts  of  the  sesquioxides 
of  the  other  metals  of  the  group,  all  behave  in  a  similar  way,  the 
compounds  of  uranium  being  no  exception  to  the  rule.  This  ten* 
dency  to  form  soluble,  gummy,  polybasic  seaquisalts,  so  strikingly 
exhibited  by  the  members  of  the  group  of  elements  now  under 
discussion,  i^  evidently  one  of  those  obscure  manlfestiitiou!!  of 
the  chemical  force  which  we  have  already  met  with  when  dis- 
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cursing  the  phenomena  of  solution  (§  49),  and  the  law  of  multi|tl« 
proportions  (§  76,  end). 

i\5o.  The  most  important  point  of  difference  between  nraniam 
and  the  other  members  of  the  seaquioxide  group  of  elements  is 
the  fact,  already  alluded  to^  that  one  molecule  of  it^  Kesqnioxida 
unites  with  but  one  molecule  of  base  to  form  crystallized  salts, 
whereas  the  sesquioxides  of  the  other  members  of  the  group  all 
unite  with  acids  in  the  proportion  of  one  molecule  of  baae  to 
thre«  molecules  of  acid  to  form  their  normal  crystallized  s^ta. 
8inco  the  alums  are  formed  by  the  union  of  a  normal  sulphata 
of  some  metal  of  the  alkali  group  with  a  teracid  sulphate  of  some 
metal  of  tho  sesquioxide  group,  there  is  no  such  thing  as  t 
uranium-alum,  because  the  teracid  uranium-sulphate  is  wanting. 
Sesquioxide  of  uranium,  in  fact,  behaves  among  bases  somewhat 
as  metaphosphoric  acid  does  among  acids ;  it  stands  in  much  the 
same  relation  to  the  other  teracid  bases  of  its  class,  ua  metii- 
phosphoric  acid  to  the  ordinary  terbasic  phosphoric  acid. 

656.  The  Sesquioadde  Qt^oup. — The  bond  of  union  between 
the  metals  included  in  this  class  is  the  fact  that  they  all  fonn 
salifiable  sesquioxides.  Most  of  them  form  also  salifiable  prot- 
oxides;  and  if  we  arrange  the  metals  in  the  order  of  tbar 
atomic  weights, 

Gl  ==  14,  Al  s=  27-4,  Cr  ^  62-5,  Mn  =  55,  Fe  «  56, 
Ni  =  58-8,  Co  ^  58*8,  Ur  =  120, 
it  will  be  apparent  that  the  sesquioxides  of  the  metals  at  tits 
head  of  the  list  are  the  most  stable  of  the  sesquioxides,  and  that 
the  protoxides  of  nickel  and  cobalt  are  the  most  stable  of  tits 
protoxides,  while  with  manganese  and  iron  both  forms  of  oxido 
ore  well  represented ;  uranium  does  not  conform  to  this  nx* 
rongemenL  Gluciiium  and  aluminum  have  no  protoxides  at  all ; 
and  the  protoxide  of  chromium  is  very  unstable.  8ome  of  ths 
metals  of  the  group  are  usually  biyalent,  othen  triTolent,  wMla 
others  are  both  bi-  and  trivolent. 

The  class  of  salts  called  alums  affords  strong  eiddenee  of 
the  existence  of  a  natural  relation  between  the  members  of  the 
alkali  group,  on  the  one  hand,  and  the  members  of  tho  sesqui- 
oxide  group,  on  the  other.  These  highly  crystallized  isomor- 
phous  salts  ore  all  moulded  upon  one  pattern,  and  their 
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▼olnmea  (§  252)  are  very  nearly  equal,  as  the  following  table  will 
iUustrato  for  some  of  the  alums  i — 


Aliima. 

KA1S,0^12F,0 

NttAlSjO,J2H,0 

(NH,)A1830„12H.O 

?H*)CrS,0,,12HaO 
KH,)FeSjO^,12H,0 


Specific 

Atomic 

Gravity. 

Voliime. 

1722 

276*6 

1*641 

279-2 

1^21 

279-0 

1-845 

270-7 

1-736 

276*6 

1712 

281-4 

Atomic 
Weight 

474-5 

456-4 

453-4 

499^ 

478-6 

482^ 

It  is  a  fact  not  unworthy  of  notice,  that  the  oompoiinds  of  this 
group  of  metals,  with  the  exception  of  those  of  glucinum  and 
aluminum,  are  for  the  most  part  colored,  independently  of  the 
colors  of  the  substances  with  which  they  are  united.  The  metals 
of  the  sodium,  calcium,  and  magnesium  groups  produce  colorless 
compounds,  unless  when  joined  with  an  acid  possessing  a  color  of 
its  own.  Glucinum  and  aluminum  produce,  in  like  manner, 
colorless  compounds ;  but  the  oxides,  hydrates,  chlorides,  bromides, 
iodides,  sulphides,  and  oxygen-salts  of  chromium,  manganese^ 
iron,  nickel,  cobalt,  and  uranium  are  all  more  or  less  colored  in 
themselves,  and  every  color  of  the  spectrum,  from  the  violet  at 
one  ^ctremity  to  the  red  at  the  other,  can  be  matched  from 
among  the  innumerable  tints  exhibited  by  the  various  compounds 
of  the  last  six  members  of  the  sesquioxide  group. 

657.  With  the  members  of  the  group  now  under  discussion 
are  commonly  classed  a  number  of  rare  metals,  more  or  less 
nearly  related  to  aluminum  and  iron.  They  are  all,  howerer, 
of  subordinate  interest,  and  need  only  be  named  in  this  manual. 
The  following  is  a  list  of  these  elements,  together  with  their 
symbols  and  their  atomic  weights,  so  far  as  the  latter  have 
been  determined: — ^yttrium,Yt=68;  Erbium,  Er=(?);  Terbium, 
Tb=(?);  Zirconium,  Zr=90  (?);  Norium,  No=(?);  Cerium, 
Ce  =  f)2;  Lanthunum,  La=92*8;  Didymium,  Di=^95;  Thorium, 
lli=231'5  (?). 
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CHAPTER  XXXI 


COPPER    AKB    MEBC17BT. 


OOPPKB* 

658,  Thougli  by  no  meftna  one  of  the  most  abxindant  metnls, 
copper  is  nevertheless  very  widely  diffused  in  nature,  and  b 
largely  employed  by  man.  Traces  of  it  exist  in  almost  every 
soil,  whence  it  is  taken  np  by  plants,  in  which  it  may  almost 
always  be  detected  by  refined  testing.  Traces  of  it  have  re- 
peatedly been  found  also  in  the  various  animal  organs  and 
secretions.  Many  natural  waters  contain  minute  quantities  of 
copper ;  its  presence  may  often  be  recognised  in  the  depo«it  of 
oxide  of  iron  which  separates  from  chalybeate  waters*  Since 
the  metal  occurs  native  in  many  localities,  several  of  ita  valuable 
properties  were  early  recognized  and  made  use  of.  Long  before 
the  discovery  of  methods  of  reducing  iron  from  its  ores,  tools 
and  weapons  made  of  native  copper  were  employed  by  many 
barbarous  nations. 

Besides  oecuiring  in  the  native  state,  copper  is  found  in  a  gtvit 
variety  of  combiiiatTons;  the  nin«t  common  of  its  ores,  however,  ii 
the  sulphide,  or  rathev  a  compound  of  sulphide  of  copper  and  aulphida 
of  iron  in  varying  pniportionB,  known  as  copper  pyrites.  The  procj-M^i 
of  obtaLaing  copp«^r  from  its  ores  vary  greatly,  according  to  the  quality 
of  the  ore.  The  ojudes  and  c&rbonatea  may  be  readily  reduced  bf 
heating  the  ore  in  contact  with  some  carbonaceous  material  and  i 
tiux  suitable  to  remove  the  impurities  of  the  ore*  The  treatment  of 
ores  containing  sulphur  is  far  more  complicated.  Such  orf?s  are  roastod 
in  the  first  piace^  in  order  to  convert  a  considerable  portion  of  th# 
sulphides  of  copper  and  iron  into  oxides ;  a  proper  tlux  i.^  then  mAded 
to  the  roasted  ore,  and  the  whole  is  melted  down  in  either  a  revcr* 
beratory  or  blast  furnace.  The  oxide  of  copper  formed  by  roa^iting  li 
reconverted  into  sulphide,  while  much  of  the  sulphide  of  iron  wkicli 
had  escaped  oxidation  before  is  now  changed  to  oxide  and  paaacaof 
in  the  slag.  Sulphide  of  copper  comparatively  free  from  iron  la  tlnM 
obtained  j  in  other  words,  the  copper  ore  is  very  much  concentrated 
hj  the  operation.    If  need  be,  the  concentrated  product  is  subjected 
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to  tt  fleries  af  roastings  and  meltings^  until  it  has  been  alino^t  coni- 
pleti^ly  freed  from  guJphidd  of  iron  and  other  iiupuritiea.  The  pure  or 
nearly  pure  aulpbide  of  copper  is  then  roasted  in  a  current  of  air^  uuUl 
a  eertidn  proportion  of  the  sulphide  has  been  converted  into  oxide. 
Finally  the  mixture  of  sulphide  and  oxide  ia  atronglj  heated  to  a 
temperature  at  which  its  ingredients  react  upon  one  another  in  Buch 
mazmer  as  to  yield  sulphurous  acid  and  metallic  copper  :^ — 

Cu,S  -h  2CuO  =  SO,  -h  4Cu. 

Sometimes  copper  i»  obtained  by  precipitating  it  with  hnm  from 
aolutions  of  its  salts,  as  has  been  shown  in  £xp.  339.  The  copper 
thus  thrown  down  by  iron  is  known  as  cement-copper,  and  is  fre- 
q^ueutly  obtainc'd  from  the  drain  age- water  of  certain  mines,  in  which 
a  small  proportion  of  sulphide  of  copper  is  oxidized  by  the  air  to  sul- 
phate of  copper*  and  so  carried  into  solution.  In  som*?  localities^  low- 
grade  copper-ores  iu*e  lixiviated  with  chlorhydnc  acid,  obtained  aa  a 
W9st&  product  from  the  manufQcturers  of  soda-iush,  aud  the  copper 
solution  subsequently  ma*^e  to  flow  over  fragmeuts  of  scmp  iron. 

The  common  method  of  a&^aying  copper-ores  is  another  application 
of  the  precipitation  of  copper  by  means  of  iron. 

659,  Copper  is  a  rather  bard  motal,  of  a  well-knoWD  red 
color ;  it  is  very  tenacious,  ductile,  and  mallcablo.  The  specific 
gravity  of  the  metal  when  free  from  air- bubbles  varies  between 
S'92  and  8 '95.  Copper  melts  lees  readily  than  silver,  bat  rooro 
readily  than  gold;  its  melting-point  has  been  estimated  to  be 
about  1170*^.  At  an  intense  beat  it  volatilizes,  though  for  all 
ordiuary  purposes  it  may  be  regarded  as  non-volatile*  It  is  one 
of  the  best  conductors  of  heut  and  electricity  known.  Its  spe- 
cific heat  is  0*09 5 15.  Copper  combines  with  oxygen  far  less 
readily  than  iron.  Even  at  a  bright- red  heat  it  is  not  capable  of 
decomposing  water,  excepting  to  a  veiy  slight  extent,  Findy 
divided  copper,  however,  soon  becomes  oxidiBod  on  being  exposed 
to  the  air^  though »  as  b  well  known,  solid  masses  of  the  metal 
BufTer  little  or  no  change,  at  the  ordinary  temperature,  in  air  free 
from  Bulphydric  and  carbonit;  acids.  When  strongly  healed  in 
the  air,  copper  quickly  becomes  covered  with  a  coating  of  black 
oxide  of  copper  (see  Exp.  12),  Metallic  copper  is  not  very 
readily  acted  upon  by  acids,  excepting  those  rich  in  oxygen. 
The  weaker  acids,  such  as  acetic  acid,  have  no  action  upon  it, 
unless  air  bo  present,  in  which  event  the  metal  is  soon  corroded  i 
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and  the  same  remark  applies  to  dilute  chlorhydric  and  snlphune 
acids.  Finely  dinded  copj>er,  however,  slowly  dissolves  with 
evolutiou  of  hydrogen  in  hot  coneontrated  chlorhydric  acid  j  and 
in  hot  oil  of  vitriol  the  motttl  dissolves  readily,  a^  has  been  seen 
in  the  preparation  of  sulphurous  acid.    (See  Exp.  96.) 

Dpper  is  readily  soluble  in  somewhat  diluted  nitric  acid,  anch 

is  commonly  found  in  commerce  (see  Exp.  37) ;  but  the 
strongest  nitric  acid,  of  specific  gravity  1*52,  does  not  act  upon 
it.  Whvn  immersed  in  such  acid  the  metal  remains  bright,  and 
no  bubbles  of  gas  arise  from  its  surface.  The  phenomenon  is 
explained  by  the  fact  that  nitriite  of  copper  is  insoluble  in  mono- 
hydrated  nitric  acid,  though  readily  soluble  in  water  and  in 
dilute  acid.  Ammonia- water  and  many  salt*,  such  a^  chloridi(^ 
of  sodium  and  the  various  salts  of  ammonium,  con-ode  opiier 
rather  rapidly  when  in  contact  with  air.  Einely  divided  copper 
takes  fire  in  chlorine  gas;  and  at  a  red  heat  the  metal  unites 
directly  with  bromine,  iodine,  sulphur,  silicon,  and  the  various 
metala.  It  docs  not  appear  to  unite  directly  with  carbon  or  with 
nitrogen  at  any  temfierature. 

Several  of  its  compounds  with  other  metals  are  of  great  im- 
portfmee  in  the  arts.  Brass  and  the  yellow  metal  used  for 
sheathing  ships  are  alloys  of  zinc  and  copper;  bronxe,  gun-metal» 
and  bell -metal  are  alloys  of  tin  and  copper ;  and  various  compo' 
aitions  are  produced  by  mixing  these  alloys  with  brasa*  German 
silver  ia  its  various  forms  is  an  alloy  of  nickel,  rinc,  and  copper ; 
and  copper  is  an  essential  ingredient  of  ail  the  common  coins, 
implemente,  and  ornamenls  of  gold  and  sHver, 

60tK  Dlo.virle  of  Copper  (Cu^Oj  is  sometimes  found  in  nature 
as  lluhi/  copper ;  it  may  readily  be  obtained  by  heating  protoxido 
of  copper  with  finely  divided  metalHc  copper,  or  other  reducing 
agents ;  so,  too,  when  masses  of  metallic  eopi>er  are  gently  heated 
in  the  eSt,  they  become  covered  with  a  thin  film  of  the  dioxide, 

^Irp.  fiifi, — ^Dissolve  in  a  teat-tabe  a  ft»w  drop^i  of  honey  or  a  hit  of 
grapp-auj^ar  in  a  little  water.  Add  to  the  ^ohitioii  two  or  three  drops 
of  a  mther  dilate  solution  of  eulphatu  of  copppr,  and  then  pour  in 
enough  soda-lye  to  redissolve  the  pre<ripitate  which  is  at  first  pro- 
duced by  the  lye. 

Slowly  heat  the  clear  blue  solution,  and  obserie  that  a  yellow  pre* 
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cipitnte  of  kydmted  dioxide  of  copper  boot  eepaniteS)  fif»t  at  the 
upptM'most  part  of  tbe  column  of  liquid,  but  soon  in  all  purta  of  the 
tube,  na  it«  contents  become  sufficiently  hot  When  the  liquor  is 
heated  to  bulling,  the  hjdrated  yellow  precipitate  changta  jifter  a 
time  to  anhplrous  red  dioxide. 

Host  of  the  dilute  acids  decompose  dioxide  of  copper  with, 
formntion  of  salts  of  the  protoxide  and  pejinration  of  metallic 
copper.  But  it  dissolves  in  couceiitmted  cblorliydric  acid  and  in 
amraonia-water,  forming  colorless  solutions.  The  ammoniacal 
solution  may  be  employed  as  a  test  for  the  presence  of  oxygen  in 
any  mixture  of  gases ;  oxygen  is  immediately  absorbed  by  tlio 
solution  and  a  compound  of  protoxide  of  copper  and  ammonia 
(Exp.  352)  of  characteristic  deep  blue  color  is  formed.  Dioxide 
of  copper  is  employed  to  a  certain  extent  for  coloring  gloss 
ruby-red, 

661.  Pro(4).ride  q/ Copper  (CilO)  m&y  be  prepared  by  heating 
the  metal  or  the  dioxide  in  a  current  of  air,  or  by  igniting  car- 
bonate^  hydrate,  or  nitrate  of  copper, 

Mjp.  fU".— Bind  Q  bright  copper  coin  with  wire,  in  such  manner 
that  a  strip  of  wire  S  or  10  cm,  long'  ^hidl  be  left  projecting  from  the 
coin ;  thrust  the  free  end  of  the  wire  into  a  long  cork  or  bit  of  wood, 
and  by  means  of  this  handle  hold  the  coin  obliquely  in  a  small  flame 
gf  the  ga*>-lAmp,  A  beautiful  play  of  iridi\«ceut  colors*  will  appear 
upon  the  aurfuce  of  the  copper,  particularly  if  it  b<?  moved  to  and  fro. 
Thrust  the  hot  coin  into  water,  and  observe  that  it  is  at  tluB  Ftage 
covered  with  a  coating  of  red  suboxide  of  copper.  Replace  the  coin 
in  the  lamp  and  hold  it  in  the  hot  oxidizing  portion  of  th»i  flame 
(Exp.  195) ;  it  will  soon  become  black  from  the  formation  of  prot- 
oxide of  copper.  After  a  nUher  thick  coating  of  oxide  has  been 
formed,  again  quench  the  coin  in  water;  the  black  coating  or  scale  of 
oxidt^  will  fall  off,  and  beneath  it  will  be  seen  a  thin  film  of  the  di- 
oxide firmly  adhering  to  the  metal.  This  film  of  dioxide  is  inten- 
tionally produced  upon  the  surfaces  of  many  copper  implements  by  the 
manufiiclurers.  If  the  coin  were  heated  long  euoii^^h  it  would  aU  be 
converted^  flrst  into  the  red  dioxide,  and  then  into  black  protoxide  of 
copper.  The  scales  which  fall  off  when  hot  metallic  copper  is  lieaten 
or  rolled,  like  those  obtained  from  the  coin  in  this  experiment,  always 
congist  of  a  mixture  of  the  two  oxides* 

Krp.  iU6. — Evaporate  to  dr\Tie«s  in  a  porcelain  dish  upon  a  sand- 
bath  some  of  a  solution  of  nitrate  of  copper  prepared  from  copper  as 
in  Exp,  37-    There  i»^  b«  left  oa  «  re«»idue  a  green  basic  nitrate  of 
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copper.     Place  a  sunaB  quantity  of  tbis  residue  upon  a  fragment 
porfielain,  and  ignite  it  until  r^d  nitroufl  fumes  are  no  longer  given  o£ 
Pure  protoxide  of  copper  will  be  left  upon  the  porcelaixL 

Though  no  oxygen  can  be  expelled  from  protoxide  of  copper 
by  mere  exposure  to  heat,  all  its  oxygen  may,  neverthelcs-s,  be 
removed  with  great  facility  hy  means  of  reducing  agents.  Oxide 
of  copper  is,  in  fact,  one  of  the  most  convenient  oxidiating  agents 
in  the  chemist's  possession,  and  is  largely  employed  to  this  end 
in  the  analysis  of  organic  compounds.  When  heated  with  car- 
bonaceous substances^  it  converts  all  their  carbon  into  carbonic 
acid;  and,  in  like  manner,  hydrogen  is  immfdiately  oxidised  by 
it  and  converted  into  water*  Hi  nee  carbonic  acid  and  water  eati 
readily  he  collected  and  weighed,  and  since  their  composition  h 
accurately  known »  the  determination  of  the  amounts  of  carbon 
and  hydrogen  in  any  substance,  through  the  agency  of  oxide  of 
copper,  is  merely  a  matter  of  mechanical  detail* 

Stp.  349, — Repeat  Exp.  tV^O,  with  the  exception  that  a  teaspoonlSil 
of  black  (>xide  uf  copper  (Exp.  348)  is  placed  in  the  tube  instead  of  th« 
iron  ruBt.  Water  may  be  collected  in  the  U-tube  as  before,  and  mo- 
tallic  copper  will  be  left  in  the  reduction-tube.  But,  unlike  the  eiiaily 
oxidizable  iron^  the  reduced  copper  will  not  take  tire  in  the  air. 

B62.  Protoxide  of  copper  is  soluble  in  most  acids,  with  forma- 
tion of  salta  which  are  blue  or  green  when  hydrated,  but  whito 
when  thoroughly  dried.  From  the  solutions  of  roost  of  these 
Halts  hydrated  jxido  of  copper  may  be  precipitated  by  meann  of 
any  of  the  strong  soluble  bases. 

Ej-p.  fJ60. — Place  in  a  test-tube^  or  small  bottle,  8  or  10  c.  c.  of  i 
cold  dilute  solution  of  sulphate  of  copper,  and  add  to  it  enough  of  ^  ' 
solution  of  cftustir  soda  to  rt'Uilor  the  mixture  allcaline  to  teat-papor. 
Alight-blue  precipitate  will  fall;  hydn^te  of  copper  is  insoluble  in 
water  and  in  soda-lye. 

FTp.  351. — Repeat  Exp.  850,  with  the  difference  that  the  wlutiow 
of  caustic  soda  and  sulphate  of  copper  are  bnth  healed  to  boilinjir  and 
are  mixed  while  hot.  Instead  of  the  blue  hydrate,  bhurk  protoxide  of 
copper  will  now  be  thrown  down ;  for  hydrate  of  copper  rc^adily  parts 
with  ite  water  when  heated,  even  if  it  be  all  the  whiW  iukmirsed  in 
water;  it  doe*  not  again  combine  with  water  after  it  has  become  cold* 
Instead  of  mixing  boiling  solutions  of  the  alkali  aud  cupper  salt,  iht 
moij*t  precipitated  hydrate  of  copper  of  Exp,  *ioO  might  be  changed 
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to  black  oxide  hj  simple  l>DiliD|r ;  but  tlie  transfonnatlon  wotild  be, 
eompamtively  ^akiDg,  alow,  and  the  experiment  lass  striking  thiui 
the  one  here  described. 

-Erjo.  352. — Again  repeat  Exp.  S50,  but  instead  of  sodA-lje  add  to 
tbe  copper  salt  ammonia- water,  drop  by  drop,  and  sliake  the  tube  after 
each  addition  of  the  ammonia.  Hydrate  of  copper  will  be  precipitated 
aB  before,  in  accordance  with  the  reaction 

CuSO,  +  2(NHjH0  »  (NH,)j^04  +  CuHAl 
for,  aa  has  been  said,  this  hydrate  is  insoluble  in  water ;  but»  since  hy- 
drate of  copper  18  readily  soluble  in  ammonia -water,  the  pit^cipiUit© 
will  rediBsolve  as  floon  as  more  of  this  agent  than  is  needed  to  decom- 
poae  the  copper  salt  is  added.  The  ammoniacal  solution  of  copper  has 
%  magnificent  a^ure-blue  color. 

663.  The  Sulpkide^^  of  Capper  (Cii^S  and  CuS)  are  interesting 
from  their  occarrence  as  ores,  and  from  the  reactions  already 
briefly  explained,  which  are  so  important  in  the  industry  of 
copper- smelting  (§  058).  The  protosnlphidej  as  obtained  by  add- 
ing snlphydric  acid  to  acidulated  solutions  of  the  salts  of  copper, 
is  an  important  substance  to  the  analyst ;  it  is  a  black  powder^ 
insoluble  in  water,  in  dilute  acids,  and  in  alkaline  lyes. 

664.  DiMoride  cf  Copper  (Cu^Clj)  may  be  obtained  by  treat- 
ing a  mixture  of  protoxide  of  copper  and  finely  divided  metallic 
copper  with  concentrated  chlorhydric  acid,  or  by  boiling  a  solution 
of  the  protochloride  with  sugar  or  some  other  reducing  agent. 
It  is  a  white  compt^und,  insoluble  in  water,  but  soluble  in  strong 
chlorhyddc  acid,  and  in  aqueous  solutions  of  chloride  of  sodium, 
chloride  of  potassium,  and  many  other  chlorides. 

665.  Frcicckloride  of  Copper  (CuCl,)  is  formed  when  copper  is 
humed  in  an  excess  of  cklorine.  It  may  readily  be  prepared  in 
the  hydrated  condition  (C\iC\^^2'B.fi)  by  dissolving  oxide,  hy- 
drate, or  carbonate  of  copper  in  chlorhydric  acid,  and  evaporating 
the  solution  upon  a  water-bath »  Anhydrous  chloride  of  copper 
is  brown ;  but  the  hydrated  salt  forms  green,  needle-shaped  crys- 
tals. The  concentrated  aqueous  solution  is  green  ;  when  diluted 
with  water  it  bccomea  blue,  but  turns  green  again  on  being  boiled. 
The  dry  salt  fuses  when  heated,  and  at  a  red  heat  gives  off  half 
its  chlorine  and  is  changed  to  the  dichloride,  Chloride  of  copper 
18  soluble  in  alcohol  and  ether ;  if  some  of  the  alcoholic  solution 
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i8  poured  upon  a  tuft  of  cotton  and  l^en  ignitadi  it  wHl  bunt 
a  green  flame,  which  is  cliaractcriBtic  of  copper, 

666.  SuJpJiutc  of  Copper  (CuSOJ  has  been  already  obtained 
in  sohition  as  a  secoudmy  product  in  Exp,  96.  It  may  aUo  be 
readily  prepared  by  dissolving  oxide  of  copper,  copper-scale  fcft 
example,  in  moderately  dilute  sulphuric  acid.  Much  of  it  waa 
fomierly  prepared  in  this  way  for  use  in  the  arts ;  it  is  an  inci- 
dental product  also  in  the  process  of  refining  gold  and  ailvrr,  and 
in  certain  metiillurgieal  operatiims.  As  it  crystallizes  from  aijueous 
solutions,  sulphate  of  copper  holds  in  chemical  combination  o  mo- 
lecules of  water,  and  may  then  be  represented  by  the  fgrmula 
CuS0^H-5H^0,  This  hydrated  salt,  known  as  blue  vitriol,  is  the 
commonest  salt  of  copper :  most  of  the  various  pigments  and  other 
preparations  of  copper,  medicinal  or  chemical,  ai'e  made  from  tt ; 
and  it  is  itself  used  to  a  considerable  extent  by  dyers  and  calico- 
printers,  and  largely  by  the  electrotype rs. 

JSf/*.  S53,— Tie  ft  piece  of  bladder  over  one  end  of  a  lamp-chimner, 
or  over  the  mouth  of  a  wide-mouthed  bnttlo  or  beaker,  tiff*  whieb  th« 
bottom  liaa  been  somewhat  evenly  brokea.  SoWer  a  piece  of  thick 
copper  wire  to  a  atrip  of  stout  ^heet  itinc,  just  wide  eatmgh  to  emior 
the  chimney  or  bottle,  and  a  little  lonjifcr  than  tbe  IxittJe  i*  d^^ 
Place  the  zinc  in  the  bottle  or  chimney,  and  aiak  the  bottle  or  cbKiuneyp 
with  the  closed  end  down,  in  a  beaker  or  large  tumbler  containing  a 
strong  solution  of  sulphate  of  copper.  Fill  tbe  bottle  or  chimney  with 
dilute  nitric  ncid,  attach  to  the  copper  wire  a  clean  medal  or  eoin,  of 
which  one  fdde  has  been  varnished,  and  the  other  nibbed  over  with 
phimbaiaro,  and  bend  tbe  wire  ao  that  the  medal  or  coin  mny  be  im- 
meraed  in  the  sulphate-of-copper  solution  contained  in  the  bealccr  or 
tumbler.  Thorough  contact  moat  bt^  secured  between  thy  eopp^ir  witw 
and  the  unvarnished  side  of  the  coin  or  mediiL  In  a  few  hours  a  co- 
herent film  of  solid,  malleable  copper  will  be  Hmily  depostited  on  that 
face  of  the  coin  or  medal  which  was  not  protected  by  the  non-conduct* 
ing  varnish,  Tbe  flbell  of  copper  may  be  readily  detat^bed  from  tbe 
coin  or  meditl,  the  plumbago  ensuring  the  ready  separution  of  the  two 
metallic  surfaces;  it  h  a  perfi^ct  reversn*  of  the  object  copied. 

Tliis  experiment  illiiHtrHtea  on  a  snmU  scaIb  the  import?! nt  art  of 
ek^ctro-meUillurgy.  Pliiliag  in  gold  ajjd  !*ilvt^r,  m  wt^Il  a^  in  rop|H?r, 
is  extensively  performed  by  a  proci^s  perfectly  ftnalog»>iw  to  that  of 
this  experimfut     Woodcuts,  type,  medids,  mupS|  an<i  t;ugniv'itiga  arts 
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aceumtel  J  copied  bj  mfiAna  of  this  deposition  of  metals  from  their  solu- 
tions under  the  aelion  of  the  galvanic  ciurent* 

It  is  remarkable  that  the  blue  color  of  sulphate  of  copper  de- 
pends upon  the  pres<?nce  of  water* 

£xp,  354. — Ileat  1  c  c.  of  powdered  blue  sulphate  of  cop|)*?r  upon 
a  piece  of  porceliun ;  as  it  losea  its  water^  the  light-blue  powder  will 
turn  white,  A  drop  of  water  upon  the  anhydrous  powder  will  restore 
its  blue  color. 

If  concentrated  sulphuric  acid  be  poured  over  the  blue  crystal*,  it 
will  abstract  water  from  them,  and  a  quantity  of  the  white  anhydroud 
salt  will  be  formed. 

Since  the  protoxides  of  iron  and  of  copper  are  isomorj>boua,  or 
rather  since  the  metals  iron  and  copper  are  capable  of  replacing 
one  another  In  many  of  their  compounds,  it  is  not  surprisbg  that 
the  sulphates  of  iron  and  copper  should  crystallixe  together  to 
form  a  compound  which  may  contain  almost  any  proportion  of 
either  salt.  This  iaomorphoua  mixture  of  the  two  salts  was 
fonneriy  largely  employed  in  the  arts^  and  is  still  somewhat  used 
to  meet  the  requirements  of  old  receipts  for  dyeing.  In  a  similar 
way,  sulphate  of  copper  crystallizes  together  with  the  sulphates 
of  nickel,  cobalt,  zinc^  and  magnesium. 

667.  Nitrate  of  Copper  {CuNfi^)  may  be  obtained  crystallized, 
by  allowing  the  blue  solution,  obtained  in  Exp*  37,  to  evaporate 
spontaneously  in  dry  air.  It  is  interesting  as  an  example  of  a 
salt  ready  to  give  up  oxygen  on  slight  provocation.  If  a  piece 
of  tin-foil  about  20  cm.  square  bo  twisted  fii-mly  around  a  rather 

crystal  of  nitrate  of  copper,  then  pierced  in  several  places 
a  needle,  and  moistened  with  water,  or  with  a  few  dro|*8  of 
nmimon  spirits  of  wine,  a  powerful  reaction  will  soon  ensue.  The 
tin  wiU  be  oxidized,  at  the  expense  of  tho  oxygeu  of  the  nitrate 
of  copper,  much  heat  will  be  evolved,  and  smoke,  or  even  Hamc, 
produced* 

668.  AcMat£9  of  Copper  are  formed  by  the  action  of  acetic  acaii 
ujjon  metallic  copper,  ex])osed  to  the  air.  They  are  commonlf 
called  verdujrU.  Purified  verdig^s  is  the  normal  acetate  ol  oa^ 
per;  and  common  verdigris  is  a  bydrated  basic  acetate*  YmM^ 
gris  is  usually  prepared  by  packing  plates  of  copper 
woollen  cloths  steeped  in  vine^jar ;  but  sometimes,  in  win 
ing  countries^  the  refuse  of  the  winc^press  is  suttcred  to  1 
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prepared  by  decomposing  one  of  its  saLts,  calomel  far  example 
(§  674),  by  means  of  caustic  soda.  Though  a  rather  powerfdl 
base  when  in  combination,  it  decomposes  readily  when  in  the  free 
state,  mere  exposure  to  light  or  to  gentle  heat  being  sufficient  to 
decompose  it  into  metallic  mercury  and  the  red  oxide.  With 
acids  it  combines  readily,  with  formation  of  salts  of  the  dioxide 
of  mercury,  or  mercurous  salts  as  they  are  often  called. 

672.  Protoxide  of  Mercury  or  Mercuric  Oxide  (HgO)  may  be 
prepared  by  heating  metallic  mercury  in  the  air  as  above  described, 
or,  better,  by  heating  nitrate  of  mercury  at  a  temperature  high 
enough  to  drive  off  oxides  of  nitrogen,  but  at  the  same  time  too  low 
to  decompose  the  oxide  of  mercury,  or,  again,  by  precipitating  the 
solution  of  a  salt  of  protoxide  of  mercury  by  means  of  a  eaustic 
alkali.  As  obtained  by  the  first  two  methods,  it  is  a  compact, 
granular,  almost  crystalline,  glistening  powder,  of  bright  brick- 
red  color ;  but  when  prepared  by  the  last  method  it  is,  when  dry^ 
a  soft,  light-orangc-colored  powder.  Very  considerable  differ- 
ences in  the  chemical  deportment  of  these  red  and  yellow  varieties 
of  the  oxido  have  been  noticed,  though  the  differences  are  hardly 
so  great  as  are  usually  found  between  the  isomeric  modifications  of 
other  substances.  The  precipitated  yellow  oxide  is,  for  example, 
more  readily  decomposed  by  heat  and  by  chlorine  than  the  red 
oidde.  The  red  oxide,  however,  is  the  substance  known  as  oxide 
of  mercury  in  commerce  and  the  laboratory. 

Considered  as  a  source  of  oxygen,  red  oxide  of  mercury  is 
peculiarly  interesting,  since  by  means  of  it  oxygen  may  be  derived 
directly  from  the  air  (§  12) ;  but  it  neither  affords  the  gas 
cheaply,  nor  yields  an  abundant  supply.  Since  red  oxide  of 
mercury  contains  only  a  single  atom  of  oxygen  for  each  atom  of 
mercury,  and  since  the  atomic  weight  of  mercury  (200)  is  com- 
paratively high,  any  given  weight  of  the  oxide  can,  of  course,  con- 
tain but  a  small  proportion  of  oxygen  : — for 
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Although  it  contains  so  small  a  proportion  of  oxygen,  compared 
with  the  nitrates  and  chlorates  commonly  employed  for  effecting 


liaa,  yet,  from  the  facility  with  which  it  gives  up  its  oxygen^ 
mercuric  oxirle  is  still  an  oxidizing  agent  of  considerable  jiower. 
If  a  email  portion  of  it  be  mixed  with  a  little  s^ilphur,  and  then 
heated,  the  mixture  will  explode ;  so,  too,  if  it  be  mixed  with  a 
smuU  fragment  of  phosphorus,  and  struck  with  a  hammer  upon 
an  anvilf  a  similar  explosiun  will  ensue  ;  the  violent  action  de* 
pends  upon  rapid  oxidation  in  both  cases. 

Most  acida  unite  readily  with  oxide  of  mercury  to  form  salts, 
often  spoken  of  as  mercuric  salts.  Both  the  oxides  of  mercury 
are,  like  the  protoxide  of  lead  (§  575),  remarkable  for  the  facility 
with  which  they  form  basic  salts.  In  general,  the  compounds  of 
mercury  unite  with  one  another  readily  to  form  a  great  variety 
of  double  compounds  and  abnormal  ba^ic  salts,  such  as  the  oxy- 
chlorides  d:HgO,HgCl,,  and  the  chlorosulpbide  2HgS,HgCl„.  The 
properties  of  sevtral  of  these  complex  substances  are  inte refuting ; 
but  none  of  thorn  fairly  fall  within  the  scope  of  this  manual* 

673.  DUulphide  of  Mereitnj  (Hg^S)  is  a  compound  nearly  as 
unstable  as  the  dioxide ;  but  the  protomlphidi  (HgS)  is  a  per- 
manent substance  of  considerable  importance  in  the  arts.  Arti- 
fidaUy  prepared  for  use  as  a  pigment,  it  is  knoira  under  the  name 
of  vermilion.  It  is  the  most  important  ore  of  mercury,  as  has  been 
already  stated  (§  669). 

674.  J/erciftroiu  CHl^fride  (HgCl)^  commonly  called  cahmsl,  ia 
extensively  used  as  a  medicament* 

It  may  be  prepared  either  by  heating  together  a  mixture  of  metollie 
merciuy  and  corroslTe  sublimate  (§  675)  until  the  dichloride  sub- 
limes, 

Hg  4*  HgCl,  =  2HgCl, 

or  by  subliming  an  intimate  mixture  of  equal  parts  of  sulphate  of  di» 
oxide  of  metcury  and  common  salt, 

HgjSO^  +  2N»G1  =  2HgCl  +  Ka^SO^. 
By  the  way  of  piecipitation  it  may  be  made  by  mixing  togethat  W^Ib^ 
tions  of  common  salt  and  nitratd  of  dioxide  of  mercury : — 
HgJ^A  H-  ^^'ftCl  ^  SlfgCl  +  Na,N,0.. 
hi  place  of  thv  corrosive  lublimate  used  in  the  f&r«t  nii^Uial,  u^a^m- 
mixtures  of  t^ulpbate  of  protoxide  of  mercury  and  eommsti  i^S»^'  - 
common  salt  aud  bbck  oxide  of  manganese  or  sulpltattf  i/  i 
of  iron  may  be  substituted. 
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Calomel  is  a  heavj*  white  powdcT,  which  voliitilizes  at  tempe- 
ratures below  redness  without  previous  fasion. 

The  vapor-dcnsity  of  calomel  is^  by  calculation,  117'76. 

Weight  of  one  atom^  or  two  uoit- volumes,  of  mercury    ♦ 
Weight  of  one  atom,  or  one  unit-volume,  of  chlorine 

Weight  of  two  unit- volumes  of  mercurout  chloride    . 

Wt^ight  ot  one  unit-volume  of  mercurous  chloride      ♦     .     i  m  lb 

The  vapor-density  has  been  determined  by  expeiixnent  aI 
120' 49.  By  slowly  cooling  its  vapor,  prismatic  ciystals  of  calo- 
mel may  readily  be  obtained.  Unlike  metallic  mercury,  ctilomel 
does  not  volatilize  at  ordinary  temporaturea.  It  is  tostcle^,  odor- 
less, and  as  good  as  insoluble  in  water.  Alkaline  lyt's  decompose 
it  readily^  and  it  is  slightly  soluble  in  many  saline  solutions. 

075.  Mcraine  Chloriih  (HgCl^),  better  known  by  the  luime 
rmrosive  uMlni'tU^  may  be  prepared  by  burning  mercury  in  an 
excess  of  chlorine  gas,  by  dissohing  protoxide  of  mercury  in 
chlorbydric  acid,  or  by  dissolving  metallic  mercuiy  in  aqua  regia, 
and  evaporating  to  dryueas. 

In  practice,  it  is  commonly  prepared  by  flublimation,  by  CBiMIHj 
heating  an  intimate  mixture  of  sulphate  of  mercury  and  oomiscm 
salt:— 

ngSO.  +  2NaCl  ^  HgOl,  4^  Na,SO^. 

Another  method  is,  to  add  concentriited  chlorbydric  acid  to  a  strong 
boiling  solution  of  uitiate  of  dioxide  of  mercury,  as  long  as  a  preci- 
pitiite  is  formed,  and  to  subsequently  boil  this  precipitate  wiUi  a  quan* 
tity  of  chlorbydric  acid  equal  to  that  used  in  preparing  it  :■ — 

HgNO^  +  2H01  «  HgCl,  4-  Hp  +  NO,. 

Beautiful  crystals  of  mercuric  chloride  will  be  deposited  ta  tii« 

iohitioo  eoi»ls. 

676.  ITcrcuric  chloride  commonly  occurs  in  commerce,  in  trans* 
lucent  crystalline  masses  ;  but  crystals  of  it  may  readily  be  ob- 
tained, by  careful  eublimation,  as  wcU  as  by  slowly  cooLiog  hot 
solutions.  It  melts  at  about  265^,  forming  a  colorless  liquid 
which  boil  a  at  293^ ;  the  fumes  ore  acrid,  and,  like  the  salt  itself, 
exceedingly  poisonous. 

The  vapor-density  of  corrosive  sublimate  ia,  by  calcolatioD, 
135. 
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Weight  of  one  4tom,  or  two  imit-volames,  of  mercury    ,    ,    200 
LWeight  of  two  atomsy  or  two  unit- vol uioes  of  cblorine  .      ♦    70 

^'cight  of  two  imit-volumea  of  mercuric  chloride  ,  270 

Weight  of  one  unit^ volume  of  mercuric  chloride    .  135 

The  b€«t  experunents  assi^  to  the  rapor  of  the  suit  Uie  dt?n- 
fiity  of  141.  Mercuric  chloride  is  rather  easily  soluble  in  wat<;r 
and  alcohol ;  with  the  alkaline  chlorides  it  unitei*  to  form  Balls 
which  are  easily  soluble  in  water.  These  double  salta  are  so 
numerouB  and  well  defined,  that  they  are  regarded  as  chlonuu 
salts  comparable  with  the  sulphur  salt*  (§  340)  and  the  oxygrix 
salts.  In  this  view,  protoelilonrle  of  mercury  would  be  called 
chloromercuiic  acid,  and  its  compounds  with  the  alkalies  chloro- 
mercurates.  The  compound  NaClJIgd^,  for  example,  would  be 
called  chloromercurate  of  sodium,  and  the  compound  NaCI,2HgCl, 
the  bichloromen-urate.  Corresponding  double  chlorine  salts  aro 
formed  by  the  union  of  the  chlorides  of  gold  and  of  platinum  with 
the  chlorides  of  other  metals  and  compound  radicals,  as  will  ap- 
pear in  the  sequeL 

677,  Mere  uric  chloride  unites  with  many  organic  substances  to 
form  compounds  insoluble  in  water  and  imputre«cible.  It  coa- 
gulates albumen,  for  example,  and  the  more  perishable  portions 
of  wood ;  hence  the  employment  of  raw  whites  of  eggs  as  an 
antidote  in  ca^e^  of  poisoning  by  corrosive  sublimate,  and  the  use 
of  the  mercury  salt  for  preserving  wood, — a  purpose  for  which  it 
would,  no  doubt,  be  largely  employed  were  it  not  for  its  high 
eoc9t.  Collections  of  dried  plants,  and  of  other  objects  of  natural 
history,  are  preserved  both  from  decay  and  from  the  attacks  of 
insects  by  brushing  over  them  a  solution  of  the  chloride  in  alcohoL 
It  is  worthy  of  mention  that  the  compound  of  albumen  and  chlo- 
ride of  mercury,  though  insoluble  in  water ^  is  soluble  in  an  excess 
of  albumen. 

Mercurous  and  mercuric  bromides,  iodides,  fluorides,  and  cya- 
nides are,  in  general,  analogous  to  the  corresponding  chlorides. 
Mercuric  iodide  undergoes  remarkable  changes  of  color  when 
heated  or  subjected  to  friction. 

Erp,  366. — ^Diaaolve  half  a  gramme  of  iodide  of  potassium  tn  a  small 
quantity  of  water;  also  dissolve  0-4  of  a  gramme  of  corrosive  sublimate 
ill  a  littls  water,  and  mix  the  two  solutions.    Collect  upon  a  filter  tiie 
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beautiful  red  precipitate  which  is  formeil,  wa?lj  it  careful ly  with 
and  dry  it  in  the  air.  Plac^  a  portion  of  the  dry  red  powdor  in  a  pop- 
celttiii  cApBiilc* ;  invert  over  the  ciip.^ule  a  small  glasa  funnel,  and  heat 
the  capsule  moderat^dy  upon  a  sand-bath  ;  the  iodide  will  nrn^ltj  euhliiue^ 
and  finally  he  deposited  upon  the  cold  walla  of  the  funnel  in  yellow 
cr}'staL«.  On  rubbing  these  cryetals  with  a  g\fi?s  rod,  their  eoh»r  will 
change  agtiin  to  red.  Indeed  the  change  of  color  often  oecun  of  it«»lf 
^  the  cry^tala  cool,  without  friction.  The  eompoaition  of  the  iodide  in 
neither  changred  by  the  auhliniation  nor  by  the  friction;  Ui<?  chaoge  of 
color  i«  due  to  a  change  of  crystalline  form — mercuric  iodide  b(?iit<r  di- 
morphous, and  exhibiting  a  red  color  in  ita  octahedral  form,  and  a  yellow 
color  when  crystallized  in  rhombic  prisma. 

The  change  of  coloration  may  be  shown  in  another  way,  by  diaaol* 
ving  some  of  the  precipitated  iodide  in  alcohol.  The  alcoholic  solulioo 
ifl  colorless  and  appears  to  contain  the  yellow  oiOHliHcation  af  the 
iodide;  on  pouriog-  it  into  water,  iodide  of  mercuiy  is  precipitated  ass 
yellow  powder,  which  soon  changes  to  red. 

678.  Sulphates  of  Mercurtj^ — There  is  a  sparingly  soluble  sul- 
phate of  dioxide  of  mercury  (Hg^SO^),  a  normal  sulphate  of  tho 
protoxide  (HgSO^),  and  a  basic  sulphate  of  the  protoxide  (of  com» 
position  SKgOjSO^).  Normal  mercuric  sulphate  may  be  prepared 
by  dissolnng  metallic  mercury  in  an  excess  of  boiling  concentrated 
sulphuric  acid»  and  eraporating  the  solution  to  dryness.  It  is  the 
material  from  which  many  other  compounds  of  mercury  are  do- 
rived.  It  is  decomposed  by  water ;  an  insoluble  trisulphate  is 
thrown  down,  whOe  but  a  small  proportion  of  mercury  remnma 
diasolved  in  the  dilute  sulphuric  acid  which  is  formed. 

679.  Nitrates  of  Mercury  are  numerous.  There  are  at  least 
four  nitrates  of  the  dioxide,  and  as  many  of  the  protoxide  namely 
the  normal  salts  and  three  basic  salts  in  either  ease.  Both  of  the 
normal  salts  are  soluble  in  water,  and  are  commonly  kept  in  the 
laboratory  as  examples  of  the  mercury  salts.  The  nitrate  of  the 
dioxide  is  prepared  by  digesting  an  excess  of  metallic  mercurv  in 
cold  moderately  strong  nitric  acid.  Tho  solution  should  be  kept 
in  closed  bottles  containing  a  few  globules  of  metallic  mercury. 
The  nitrate  of  the  protoxide  may  be  readily  obtained  by  dissoliing 
red  oxide  of  mercury  in  an  excess  of  nitric  acid. 

680.  Amahjams. — Mercury  unites  wllli  most  of  the  other 
metals,  forming  alloys,  many  of  which  are  pasty,  or  liquid  \vh»*n 
tho  proportion  of  mercury  contained  in   thera  is  large.     IIjcsc 
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the  element  iim\f  is  here  mentioned  mainly  on  account  of  the  ana- 
logies which  it  bears  to  tin.  Titanic  acid  is  isomoij^hous  with  stan- 
nic acid  (§685),  and  resembles  it  closely  in  it*  chemical  deport- 
ment Sc-squioxide  of  titanium,  Ti/>,,  corresponds  to  scsquioxide 
of  tin,  Sn^O,  (§  685) ;  and  in  the  same  way  that  the  latter  may  ba 
regarded  as  a  gtannate  of  tin,  SnO,SnOj,  the  titanium  compoimd 
raaj  be  considered  a  titanate  of  titanium,  TiO,TiO^. 

The  Lisuljjhide  of  titanium^  and  the  bichloride,  bibromide,  and 
biduoridc,  correspond  in  like  manner  to  the  tin  compotmds. 


IDT* 

683.  Though  by  no  means  widely  diffused  in  nature,  and  though 
ores  of  it  occur  in  but  few  locjilities*  tin  is  one  of  the  metals  which 
have  longest  been  known  to  man.  The  fact  admits,  however,  of 
ready  explanation  ;  for  the  specific  gravity  of  the  ores  is  high,  and 
the  metal  is  ei^ily  reduced  fnim  them  by  simple  heating  with 
charcoal.  From  the  manner  of  the  occurrence  of  many  of  these 
ores,  in  the  beds  of  torrents,  it  is  evident  that  their  great  weight 
would  be  likely  to  attract  attention,  and  that  their  behavior  to- 
Awards  fire  would  soon  be  noticed.  The  simplest  possible  metal- 
lurgical operation,  and  the  one  most  likely  to  su°;ge«t  itself  to 
savage  men,  is  the  heating  of  a  heavy  stone  in  a  wood  fire. 

The  principal  ore  of  tin  is  the  binoxide,  called  tin-stone.  In 
order  to  extract  the  metal  from  it,  the  tin-stone  is  mixed  with 
powdered  coal  and  heated  upon  the  hearth  of  a  reverberatory 
furnace  in  a  reducing  fiatue.  The  reduced  metal  melta  readily, 
and  is  then  run  out  of  the  fiirnuee  into  iron  moulds.  Tin  la  a 
lustrous  white  metal,  soft,  malleable  and  ductile,  though  not  very 
tenacious,  It,s  ductility  varies  greatly  with  the  temperature  ;  at 
100^  the  metal  may  be  drawn  into  thin  wire,  but  at  2U0^  it  is  very 
brittle.  When  a  bar  of  tin  is  bent,  it  emits  a  peculiar  crackling 
sound,  and  if  the  bending  be  repeated,  the  metal  becomes  de- 
cidedly warm.  These  phenomena  appear  to  depend  on  the 
disturbance  of  interlaced  crystals  contained  in  the  bar,  and  upon 
the  friction  of  these  crysUils  one  against  the  other.  Tin  alwavs 
exhibits  a  great  tendency  to  assume  crystalline  form  in  pacing 
from  the  liquid  to  the  solid  condition*  Upon  this  pemiliarity  b 
founded  a  method  of  ornamenting  tinned  iron. 
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Bstp.  3*57. — ^HcAt  ft  piece  of  common  tinned  iron  over  the  gaa-lamp 

imiil  the  tin  has  melted^  thm«<t  the  platp  id  to  cold  water  in  order  tlmt 
the  tin  may  harden  qaiekly,  then  remove  the  smooth  surface  of  the 
metal  by  ruhbinor  it  first  with  a  bit  of  paper  moistened  with  dilute 
nq}M  T^giftt  and  then  witb  paper  wet  with  soda-lye,  liy  this  tr*^atuient 
there  will  soon  be  laid  bare  a  new  surface  covered  with  beautiful  crv»- 
tltUiiie  figiirps,  like  frost  upon  a  win<^ow-pane.  The  pl?it^»  should  then 
washed  thoroughly  with  water,  dried  quickly,  and  csovered  with 
lime  tranj?parent  varnish. 

The  satne  crygtallme  structure  can  be  broujrht  out,  though  le«8  oon- 
s]Ucuou»ly,  by  removing  the  outside  polished  surface*  of  almost  any 
piece  of  dn  plate  by  means  of  warm  dilute  aqua  reg^ia,  without  firBt 
heating  the  pLite  as  In  tbis  experiment* 

Tin  does  not  tarnish  in  the  air  at  ordinary  teraperatiirea,  no 
matter  whether  the  air  be  moist  or  dry ;  but  when  gtrongly  ht^ated 
it  oxidizes  rapidly,  and  even  burns  with  a  brilliant  white  light. 
The  specific  gravity  of  tin  ia  about  T'3 ;  its  atomic  weight  is  118, 
It  melts  at  about  230^ — at  a  lower  temperature  than  any  of  the 
other  common  metals.  At  very  high  temperatureg  it  ia  slightly 
▼olatile. 

Od  account  of  ita  brlDiant  lustre,  and  its  power  of  resisting 
atmospheric  action,  tin  is  largely  employed  for  coating  other 
metals, — copper,  for  example,  as  in  ordinary  pins,  cooking-vesacla, 
and  hath -tubs — and  iron,  as  in  common  sheet- tiJii  of  which  the 
80- called  tin  ware  is  manufactured. 

Ex!p.  358. — Thoroughly  clean  the  surface  of  a  (topper  cohi,  or  of  a 
tmall  piece  of  sheet-copper,  by  means  of  dilute  sulphuric  acid ;  place 
the  copper  over  the  gas-lamp,  and  melt  upon  it  a  bit  of  tin  as  large  aa 
a  pea.  Rub  the  melted  tin  over  the  copper  with  a  rag.  It  will  not 
adhere  to  the  copper ;  for  althou|ih  the  latter  wa^  once  carefully  cleaned, 
it  afterwards  became  coated  with  oxide  of  copper  in  such  mauaer  thai 
the  tin  could  not  come  in  contact  with  the  metaL 

Repeat  the  experiment  as  before  ;  but  when  the  tin  has  melted^  strew 
over  the  copper  some  fint*ly  powclered  chloride  of  ammonium.  On  now 
rubbing  the  tin  against  the  copper,  the  two  metals  will  adhere  fimdy. 
Jhe  chlorine  of  the  chloride  of  ammonium  unites  with  the  copper  of 
the  oxide  of  copper  to  form  fusible,  volatile  chloride  of  copper,  while 
ammonia  and  water  are  act  fi-ee^  as  may  be  perceived  by  the  odor.  The 
exoeiB  of  tin  should  be  wiped  atf  with  a  rag,  ao  that  a  smooth  surface 
fltty  be  left  upon  the  coin* 

2f2 


680 


PEOTOXIDK  OP  XJ3ff. 


Wben  in  contact  with  dilute  acids^  or  with  alkalies,  Ua  slowly 
absorb}  oxygon  from  the  air  and  gooa  into  solution.  Of  the 
fitrong  auids,  nitric  acid  acts  upon  it  violently,  with  formation  of 
insoluble  hydiated  binoxide  of  tin  ;  a  certain  amount  of  water  ii 
dt»coniposed  as  well  as  the  nitric  acid,  in  this  reaction,  and  fiome 
nitrate  of  ammonium  is  fonned  ;  the  aramouium  comes  from  the 
union  of  tlie  nascent  hydrogen  and  nitrogen  of  the  deoxidized  water 
and  nitric  acid  (see  §  92)  ♦  Hot  concentrated  chlorhydric  acid  gra- 
dually dissolves  tin,  and  gives  off  hydrogen.  Boiling  concent  rated 
sulphuric  acid  converts  it  into  sulphate  of  tin,  with  evolution  of  sul- 
phurous acid ;  but  diluto  sulphuric  acid  has  no  action  upon  it  out 
of  contact  with  the  air.  Wlien  heated  with  concentrated  sodm 
or  potash  lye,  tin  slowly  dissolves,  with  formation  of  soluble  staii-» 
nate  of  sodium  or  of  potassium,  and  evolution  of  bydrogen. 

Tbcro  ai'e  two  prominent  oxides  of  tin,  a  protoxide  and  a  H- 
oxide,  besides  intermediate  oxides  oompouiided  of  these  two. 
The  binoxide  occurs,  moreover,  in  combination,  in  different  iso- 
meric modifications, 

684.  Proioxiih  of  Tin  (SnO)  may  be  obtained  as  a  black 
powder  hj  heating  its  hydrate  in  an  atmosphere  of  carbonic  add 
or  other  inert  gas.  The  hydra  ted  protoxide  is  prepared  by  adding 
the  solution  of  an  alltiiline  carbonate  to  a  solution  of  tin  in  chlor- 
hydric  acid ;  the  hydrate  is  thrown  down  as  an  insoluble  precipi- 
tate while  carbonic  acid  escapes : — 

^nV\  -f  Na/O^  +  H,0  =  SnHp,  +  2Naa  +  00^ 

The  hydrate  rapidly  absorbs  oxygen  from  the  air  when  moist, 
but  is  tolerably  permanent  when  dry.  The  anhydrous  oxido 
undergoes  no  change  in  air  at  the  ordinary  temperature ;  when 
touched  with  a  glowing  coal,  it  takes  fire  and  bums  vividly, 
being  converted  into  tlie  ]>iuoxide.  The  hydrate  also  burn^  in 
the  same  way  when  lighted.  It  ts  remarkable  that  iho  anhy- 
drous oxide  is  more  readily  soluble  in  acids  than  the  hydrate; 
but  in  alkaline  lyes  only  the  hydrate  is  soluble.  Host  of  the 
salts  of  prott»xide  of  tin  greedily  absorb  oxygen  ti'om  the  air  and 
from  many  oxygenated  substance.s.  They  are  much  employed  oa 
reducing  agents. 

Ei^jt,  350. — To  />  or  0  c.  e.  of  a  solution  of  corrosive  subhmatc  ndi 
a  few  drops  of  piotocbloride  of  tin,  and  heat  the  mixture;  a  giaj 
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powder  will  sepamte;  it  is  tDetallie  mercury,  rery  finely  divided, 
wlilch  has  been  reduced  from  the  mercuric  chloride.  The  powder 
lioiled  with  chlorhydhc  acid  agglomeratea  into  visible  globules: — 

rigCl,  4-  SaCJ,  =  S11CI4  -h  Hg. 

The  protochl pride  of  tin  has  abstracted  the  chlorine  from  the  chlo- 
ride of  mercury. 

685.  Bimxid^i  of  Tin,  or  Stannic  Add  (SnOJ,— This  oxide 
occurs  in  nature  as  the  principal  ore  of  tin,  as  hm  been  stated  in 
§  683,  and  may  readily  be  prepared  artiiicially  by  rodstin*^  tho 
metal  in  a  free  current  of  air<  or  by  igniting  hydrated  binnxide  of 
tin.  It  is  insoluble  in  water,  acids,  and  alkalies,  and  in  j^eneral 
is  not  readily  acted  upon  by  chemical  agents*  When  fused  with 
caustic  soda»  however,  it  combines  with  it  to  form  a  soluble  com- 
pound. Like  the  bydrated  oxides  of  phosphorus  and  antimony, 
hydrated  binoxide  of  tin  (SuH^OJ  m  remarkable  for  the  different 
chemical  properties  it  exhibits  when  prepared  in  different  waya. 
As  obtained  by  beating  metallic  tin  with  concentrated  nitric  acid, 
it  is  almost  absolutely  insoluble  in  some  acids,  and  dissolves  only 
with  difficulty  in  others.  The  hydrate  obtained  by  preeipitatiuii 
from  soluti^^ns  of  bichloride  of  tin  and  of  an  alkaline  carbonate, 
is  very  readily  soluble  in  acids.  By  ignition,  the  soluble  hydrate 
is  converted  into  inswtlubb?  anhydrous  oxide  of  tin. 

The  difference  in  chemical  behavior  above  mentioned  is  not 
confined  to  the  hydrates  alone,  it  exists  as  well  in  the  compounds 
formed  by  the  union  of  these  hydrates  with  other  substances, 
both  acids  and  bases ;  hence  the  names  stannic  acid,  ap[ilicd  to 
the  soluble  hydrate,  and  mctastannic  acid,  applied  to  the  in- 
soluble modification.  The  generic  terms  stannate  and  meta- 
8tannate  applied  to  the  compounds  of  these  two  varieties  of  the 
oxide  arc  employed  precisely  as  in  the  case  of  phosphoric  and 
antimonic  acids  (§§  293,  352),  Both  modifications  are  soluble 
in  alkaline  lyes,  but  tlie  one  representing  metas tannic  acid  is  tar 
leas  readily  soluble  tJian  the  other. 

The  st  annates  of  the  alkali -metals,  sodium  and  pottissium, 
crystallizo  readily  from  their  aqueous  solutions ;  but  the  corre- 
eponding  metiistan  nates  do  not  crystallize,  they  are  in  soluble  in 
poline  solutions,  and  may  be  precipitated  as  gelatinous  mMsses  by 
adding  almost  any  neutral  salt  of  an  alkali -metal  to  their  aqucuus 
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Bolutions.  Among  the  stannatce,  that  of  tin  (RiiO,Rn03=^8n^O^) 
U  worthy  of  mention,  since  it  is  often  described  as  the  Besqui- 
oxido  of  tin.  Stannate  of  sodium  is  somewhat  extenaively  em- 
ployed in  the  printing  of  mousselines-de-laine. 

A  good  method  of  preparing  it  is  to  boil  granulated  tin,  or 
ficrai>s  of  tinned  iron,  in  a  solution  of  litharge  in  an  excoBf  cxf 
oaustic  soda : — 

8n  +   Na,Pb,0,  ^  Na^SnO,  ^  2Pb. 

Or  a  mixture  of  caustic  soda,  nitrate  of  sodium^  and  roetalliG  till 
may  be  melted  in  an  iron  kettle,  a  certain  portion  of  cliloride  of 
sodium,  or  of  stannate  of  sodiiim,  from  a  previous  fusion,  being 
added  to  the  mixture  in  order  to  mitigate  the  force  of  Che 
reaction. 

686.  The  Sul/ihiiU^  of  Tin  (SnS,  Sn,8,,  and  SnSJ  correspond 
to  the  oxides.  The  protosulphide  (SnS)i9  precipitated  as  a  dark- 
brown  powder  when  sul|>hydric  acid  i«  added  to  the  solution  of  a 
salt  of  protoxide  of  tin.  The  bisulphide  (SuSj)  when  prepared  in 
the  dr}*  wny  is  a  beautiful  yellow  compound,  known  aa  momi^ 
qoM,  or  bronze  powder,  and  is  somewhat  employed  in  dccorativo 
p^iinting* 

£xp,  »3(X). — Pi^pare  a  quantity  of  tin  amaljj^am  by  beatiiif^  tog^thif 
in  a  glass  ^uf^i  12  grms.  of  gmnulatt^d  tin  and  6  grms.  of  mt?rrury. 
Rah  the  omaliaram  in  a  porcelain  mortar  together  with  7  grt»«,  of 
sulphur  and  0  prms.  of  ehlorido  of  ammonium  until  the  dlfi«rtent  in- 
gr<>dk'nt8  have  been  tboroujrbly  incorpornted  one  witb  iht»  oth*l. 
Plftee  the  mixture  in  a  sniaO,  long-neclted,  glass  flask^  and  fJuwly 
heat  it  to  low  redness  upon  a  sand-bath.  After  an  hour  or  two  tht're 
will  be  found  at  the  iKittom  of  the  fla^k  a  quantity  of  bisulpliidi^  nf 
tin,  in  the  condition  of  soft,  beautiful,  golden-yellow  pt^»wder,  of  tUky 
texture,  whiJe  in  the  n»?ck  of  the  flask  there  will  b*?  foimd  a  depomt  of 
chloride  of  ammonium  contaminated  with  sulphur,  sulphide  of  mef- 
cuiy^  and  protochloride  of  tin. 

Instead  of  the  omalgnm  and  the  proportions  of  the  other  ingrctdieuti 
as  given  above,  there  nmy  be  heated  in  the  flask  an  intimate  iniAturs 
of  2  ^^rma,  of  dry  protosulphlde  of  tin,  half  a  grm.  of  sulphur,  nxA 
1  grm.  of  chloride  of  ammonium. 

The  part  played  by  the  rhlonde  of  ammonium  in  these  experimenti 
Is  not  wt'U  underatood ;  it  ia  known  only  that  the  pr»»tnire  of  this  «all 
promotes  the  formatiod  of  a  brilliant  golden-colored  produel.  thuu^rh 
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there  b  no  eridence  tliat  tho  chloride  either  undergoes  or  podaces 
May  chemical  change.  It  is  hy  uo  moans  improbuble,  how«?ver,  that 
by  VQl&tuuXn^  At  the  right  moment  the  chloride  of  tmimonium  may 
80  moderate  tke  heat  engendered  by  the  combination  of  tho  sulphur 

^and  the  tin  that  the  temperature  of  the  mixture  is  prevented  from 
renchiDg  a  point  at  which  the  bii^ulphide  would  bo  decomposed. 
^  The  Chhndfs  af  Tin  are  perhaps  more  important  than  any 
mtier  compounds  of  the  metiil. 
687.  Proiochloride  of  Tin  (SuCl^)  Is  obtained  by  dissolving 
granulated  tin  in  boiling  concentrated  chlorhydric  acid.  On 
evaporating  the  solution,  and  aUoMring  it  to  crystiillize*  prismatic 
hydrated  needles  are  obtained  of  the  composition  SnCl^-f2K^0. 
These  crystals  are  largely  used  by  dyers  and  calico-printers, 
tmder  the  name  of  tin-salt.  Protochloride  of  tin,  whether  in  the 
condition  of  crystals  or  in  solution,  rapidly  absorbs  oxyj^on  from 
the  air,  and  is  converted  into  a  mixture  of  bichloride  of  tin,  and 
an  insoluble  oxychloride.  It  must  therefore  be  kept  in  tight 
packages.  The  pure  salt  is  completely  soluble  in  a  small  quan- 
tity of  water;  but  when  this  solutiim  is  mixed  with  a  large 
quantity  of  water,  it  decomposes ;  a  highly  add  solution  of  pro- 
tochloride of  tin  in  chlorhydric  acid  remains  in  solution,  while  a 
precipitate  of  oxychloride  of  tin  (8nO,SnCl^-|-2H^O)  subsides. 

Protochloride  of  tin  is  a  powerful  reducing  agent,  as  has  been 
shown  in  Exp.  369 ;  it  combines  readily  cither  with  oxygen  or 
with  chlorine,  and  is  frequently  employed  to  remove  theae  ele- 
ments from  their  compounds.  By  means  of  it,  the  oxides  or 
chlorides  of  arsenic,  antimony,  gold,  silver,  or  mercury  maybe 
reduced  to  the  metallic  state ;  the  salts  of  sesquioxide  of  iron, 
and  of  protoxide  of  copper,  may  be  reduced  to  the  degree  of 
protoxide  and  of  dioxide  respectirely,  while  acids  such  as  chro- 
mic and  manganic  are  reduced  to  the  condition  of  basic  oxides. 
Sulphurous  acid  is  reduced  by  it  in  such  wise  that  a  precipitate 
of  sulphide  of  tin  is  formed,  when  solutions  of  prr>tochloride  of 
tin  and  of  sulphurous  acid  are  mixed  ;  it  converts  blue  indigo  to 
white  indigo,  and  is  capable  of  abstracting  oxygen  from  a  host  of 
other  substances. 

At  the  it.'mperalure  of  100^,  all  the  water  may  be  expelled 
from  the  crystallized  salt;  but  some  of  tho  chlorhydric  acid  is 
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liable  to  go  oiT  at  the  same  time»  so  that  it  is  not  ea^  in  thU 
way  to  obtain  the  anhydrous  salt  in  a  state  of  purity.  A  better 
way  of  obtaining  the  anhydrous  salt  is  to  heat  together  equal 
weights  of  finely  divided  tin  and  corrosive  snblimate : — 

"  HgCa^  +  Sn  =  SnCl,  +  Hg. 
The  dry  chloride   of  tin  remains  as  a  residue,  while  metallic 
mercury  goes  off.     The  anhydrous  salt  may  itself  be  distilled  at 
a  full  red  heat. 

Protochloride  of  tin  unites  with  many  of  the  metallic  chlorida 
to  form  double  compoundi*,  which  may  he  called  chlorustiintiiteA. 

688*  Bichloride  of  Tin  (SnCl,)* — ^Mien  anhydrous,  this  com* 
pound  is  a  fuming,  volatile,  colorless  liquid,  of  2*7  i?pecific  gravity. 
It  does  not  eulidify  at  —20'^^  but  boils  at  IIS*^.  Wheri  exposed 
to  the  air  it  gradually  absorbs  water,  and,  after  a  while,  hydrated 
crystals  are  formed.  When  mixed  with  about  one-third  tti 
weight  of  water,  it  solidifies  to  a  mass  of  hydraled  crysUki 
much  heat  being  at  the  same  time  evolved.  These  crystAlft  axe 
readily  soluble  in  a  small  quantity  of  water ;  hut  when  treated 
with  much  water  thoy  decompose,  hydrated  binoxide  of  tin  : 
precipitated,  and  free  chlorhydric  acid  passes  into  solution* 

In  order  to  prepare  anhydrous  bichloride  of  tin,  chlc»rine  gai^ 
may  be  passed  over  hot  cMorido  of  tin,  or  melted  metallic  tin ; 
or  an  intimate  mixtiu^e  of  1  part  of  tin  filings  and  4  or  5  parts 
of  corrosive  sublimate  may  be  distilled  in  a  retort.    The  hydrated 
bichloride  and  in  general  ail  solutions  of  the  bichloride  are  ob- 
tained, either  by  dissolving  tin  in  dilute  aqua  regis,  1 
chlorine  into  solutions  of  protochloride  of  tin,  or  by  li^ 
protochloride  with  chlorhydric  acid  to  which  a  little  nitric  acid 
has  been  added.     The  anhydrous  salt  may  be  prepared  from  the 
hydrate,  by  distilling  the  latter  with  concentrated  sulphuric  acid, 
which  retains  the  water. 

Like  the  protochloride,  bichloride  of  tin  is  largely  employed  in 
dyeing.  It  combines  also  with  the  alkaline  and  other  chloridet 
to  form  salts,  known  as  chlorostanuates.  The  substiinee  calUnl 
pink  salt,  in  commerce,  employed  in  the  preparation  of  pink  colot* 
upon  calicoes,  is  a  chlorostannate  of  ammonium,  2XIT^Cl,Sn(;i^, 
There  are,  of  course,  many  other  salts  of  tin,  but  nunc  of  tht^ 
are  of  sufficient  interest  to  be  mentioned  here. 
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The  alloys  af  tin  are  important.  Tlie  composition  of 
l)rouj£e»  bell-metjiJ,  &c.  has  been  already  mentioned  under  copj)er 
(§  059),  that  of  stereotype- metal  under  antimony  (§  348)*  and 
that  of  tin  amalgam  under  mercury  (§  680) »  Of  the  other  allo3*s 
of  tin»  tliose  formed  by  its  union  with  lead  are  most  remarkable. 
Plumbers*  solder  consists  commonly  of  equal  parts  of  lead  und  tiu, 
though  some  kindjs  of  it  contain  only  one- third  their  ii'cight  of 
lead,  and  others  only  one-third  their  weight  of  tin.  Pewter  is 
composed  of  tin,  together  with  a  small  proportion  of  lead, 

690.  With  tin  and  titanium  may  be  classed  the  two  exceed- 
ingly rare  metals  Columbium  (niobium)  and  Tantalum.  The 
principal  source  of  columbium  is  the  rare  American  mineral 
colambite.  Tantsdum  is  procured  from  the  Scandinavian  mineral 
tantahte.  The  four  metals  form  binoxides  and  volatile  chlorides 
containing  four  atoms  of  chlorine^  and  are  therefore  sometimes 
quadrivalent.  In  this  respect  the  tin  group  differs  from  all  the 
groups  heretofore  studied,  excepting  the  group  composed  of 
carbon,  boron,  and  nil  icon.  Tin  and  titanium  have  a  like  mode 
ol  occurrence  in  nature* 
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MOLYBDENUM, 

601.  This  rare  element  is  grnerally  found  in  nature  in  com- 
bination with  sulphur,  q»  bisulphide  of  molybdenum.  This  bi- 
Bulphide  is  a  mineral  closely  resembling  graphite  and  galena  in 
appeurnnco.  The  name  molybdenum  is  derived  from  a  Ureek 
word  sometimes  applied  to  galena*  Molybdenum  is  a  white 
metal  almost  as  lustrous  as  silver,  of  specitic  gravity  8' 6.  lis 
atomic  weight  is  96, 

There  are  three  oxides  of  molybdenum — a  protoxide  (HoO) 
and  a  binoxide  (Mo(\),  both  acting  as  baso«,  and  a  teroxide 
(MoO,),  which  is  a  strong  acid  known  as  molybdic  acid.    Holyb- 
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date  of  ammonium  ib  a  salt  much  Talued  by  the  analyst,  sinee 
means  of  its  solution  very  small  quantities  of  phosphoric  acid  mvf 
he  detected ;  a  double  compound  of  molybdate  and  pho'^^bate  $ft 
ammonium  is  deposited  as  a  yellow  crystalline  precipitate. 


TANAUIUM. 

692.  Yanadium  ia  a  metal  somewhat  resembling  molybdeimiii 
on  the  one  hand,  and  ha\'ing  certain  analogies  with  chromiufii 
upon  the  other.  Though  nowhere  found  in  large  mati9«»,  il 
appears  to  be  rather  widely  diffused  in  nature,  traces  of  it  often 
accompanying  the  orea  of  iron,  for  example*  It  has  three  oxldoi 
— a  protoxide  (VO)  and  a  binoxido  (VO^),  which  tbrm  salU  by 
uniting  with  acids^  and  a  teroxide  (VOJ^  which  acta  as  an  odd 
and  forma  salts  by  combining  with  baaea.  The  atomic  weight  of 
Yuaadium  is  137- 

693.  The  element  tungsten  is  far  less  rare  than  the  other  mem* 
bers  of  the  group  now  under  discussion.  It  is  found  in  consider- 
able quantities  in  combination  with  oxygen,  iron,  and  manganesei 
in  the  mineral  wolfram,  whence  the  Latin  name  of  the  element 
wolframium,  and  the  symbol  W,  The  mineral  scheelite  dao  coa* 
tains  tungsten,  in  combination  with  oxygen  and  calcium-  Metallic 
tungsten  may  be  reduced  from  its  oxides  by  means  of  hydrogea 
gas  at  a  bright-red  heat,  or  by  charcoal  at  a  white  heat.  It  ii  a 
hard  iron-gray  metuL  of  specific  grarity  17'6j  and  very  relrac(aty< 
Its  atomic  weight  is  184.  The  metal  has  been  employed  ta  a 
certain  extent  in  the  preparation  of  steel ;  a  small  quantity  of  it 
added  to  steel  has  been  found  to  greatly  increase  the  hardneH 
of  the  steel,  and  to  impart  to  it  other  valuable  propertiea. 

694.  There  are  two  oxides  of  tungsten : — a  binoxido  fWO,), 
which  does  not  unite  with  acids  to  form  salts,  but  acts  rather  fts 
an  at'id;  and  a  teroxide  (WO J  called  tungstic  acid.  Tungstic 
acid  by  uniting  with  bases  forms  a  large  number  of  salts,  many 

tjaf  which  are  of  very  complex  composition.     The  moet  importanl 
of  tungsten,  wolfram,  is  a  mixture  in  varj'ing  proportions  of 
the  tungstates  of  the  prutoxidej*  of  injn  and  of  i  \     The 

general  formula  uf  the  niineral  may  be  written  J:  u  uluch 
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K  stands  for  either  iron  or  manganese ;  but  there  are  neTertheless 
two  special  varieties  of  the  mineral,  one  tending  to  correspond 
with  the  formula  2(PeO,WO;),  3(MnO»WO,),  in  which  the  |)ro' 
portions  of  iron  to  manganese  are  as  2  to  3,  and  the  other  to  the 
formula  4(PeO,WO,);  MnO, WO,,  in  which  the  relation  of  the  iron 
to  the  manganese  is  as  4  to  1.  The  first  variety ,  richer  in  man- 
ganese, is  of  lower  speijific  gravity  than  the  variety  rich  in  iron* 
But>  since  the  atomic  weights  of  iron  and  of  manganese  are  nearly 
equal,  the  proportion  of  tungstic  acid  is  almost  ahsolutely  the 
frame  in  both  varieties  of  the  mineral.  Wolfram  is  a  very  heavy 
mineral,  its  specific  gravity  being  as  high  as  7-3*  Indeed  the 
name  tungsten  is  derived  from  Swedish  words  meaning  heavy 
stone. 

Tungstate  of  sodium  has  been  employed  to  a  fimall  extent  for  the 
purpose  of  rendering  cotton  and  linen  unin flam m able.  If  a  weak 
solution  of  the  tungstate  be  added  to  the  starch  employed  to  stiffen 
light  fabrics,  the  cloth  therewith  impregnated  may  be  exposed  to 
fire  without  inflaming ;  it  will  simply  be  slowly  charred. 

The  compounds  of  tunpten  are  remarkably  similar  to  thoee  of 
molybdemun.  The  metal  resembles  both  molybdenum  and  vana- 
dium in  forming  an  acid  teroxide,  a  binoxide,  and  a  volatile  ter- 
chJoride.  Like  molybdenum  and  vanadiuxnj  it  decomposes  water 
at  high  temperaturet. 
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695.  Though  generally  found  only  in  smaU  quantities,  gold  is 

I  very  widely  dilfused  upon  the  surface  of  the  globe.     Traces  of  it 

I  may  be   found  beneath  the  sandy  beds  of  most  rivers,  and  it 

occurs  in  many  of  the  crystalline  rocks  and  in  tbe  soils  resulting 

from  their  dceumpOBition,     Many  varieties  of  iron  pyrites,  in  par- 

tioolar,  contain  appreciable  quantities  of  gold,  and  silver  is  never 
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found  in  nature  altogether  free  from  it.  It  occnrs  in  the  Ic 
and  copper  of  commerce,  as  well  as  in  the  ores  from  which  tiiesw* 
metals  are  derived  and  in  many  of  the  salts  ohtained  from  them, 
and  haa  heen  detected  in  varions  other  metals;  it  is^  in  short, 
almost  everywhere.  The  chief  fiource  of  the  metal  as  an  article 
of  commerce  is  native  gold ;  this  is  sometimes  found  in  a  condition 
of  purity,  but  is  usually  alloyed  with  more  or  less  silver.  It  h 
collected,  either  directly  by  mechanically  washing  away  tl» 
lighter  substances  with  which  it  is  associated,  or,  in  tho  case  of 
poorer  ores,  the  gold  is  dissolved  out  chemically  by  meuns  of 
quick&ilver,  and  is  subsequently  recovered  from  the  amalgam  by 
filtration  and  distillation. 

The  separation  of  gold  from  the  rocks  and  sands  in  which  it 
occurs  is  a  process  attended  with  much  labor ;  hence  gold  is  one 
of  the  costliest  of  metals.  The  price  of  a  gramme  of  gold  is  ahoui 
sixteen  times  that  of  a  gramme  of  sLlver,  and  twioe  as  great  as 
that  of  a  gramme  of  platinum. 

696.  Pure  gold  is  remarkable  as  being  the  most  malleable  of 
the  metals,  and  as  being  the  only  metal  of  a  decided  yellow  color; 
also  for  its  softness,  which  is  nearly  m  great  us  that  of  lend.  It 
has,  however,  much  tenacity,  and  may  be  drawn  into  extremdy 
^e  wire ;  1  grm.  of  gold  can  be  made  to  yield  as  much  as  3  Idlo- 
metres  of  wire.  The  metal  can  be  beaten  into  leaves  which  aits 
not  more  than  one  ten-thoueanrllh  of  a  niillimetre  thick.  Very 
thin  leaves  of  gold  are  transparent,  transmitting  a  green  poUrixed 
light 

Next  to  platinum,  gold  is  the  heaviest  of  the  ordinary  metals; 
its  specific  gravity  varies  from  19*20  to  19  37,  according  as  it 
has  been  more  or  less  compressed.  Its  atomic  weight  is  10d*7. 
It  melts  somewhat  less  readily  than  copper  or  silver,  at  a  tem- 
perature estimated  to  lie  between  1200^  and  1250^.  Its  power 
of  conducting  heat  and  electricity  is  greatly  inferior  to  that  of 
silver.  It  is  not  volatile  to  any  great  extent  at  the  melting  lein- 
pereture ;  hut  at  higher  temperatures,  such  as  it  is  subjr^ctcd  ta 
in  the  ordinary  processes  of  melting  and  refining,  the  metal  wastes 
conviiderably ;  and  at  the  temperature  obtained  by  the  oxyhydro- 
geii  !)lo\v[iipe  the  metal  goes  off  as  a  thick  vapor. 

G07.  In  the  air,  gold  undergoes  no  change  at  tempemt 
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lower  tijan  !ts  meltifjg-point ;  ond  upon  this  fact,  taken  in  con- 
licxion  with  tho  beautiful  color  and  lustre  of  tho  metal,  and  it« 
comparative  rarity,  its  pnncipal  used  depend. 

On  account  of  this  indestructibility,  gold  was  reg^arded  by  the 
earlier  chemists  aa  the  king  of  metals ;  together  with  platinum 
and  silver,  it  in  still  spoken  of  as  a  noble  metal.  Few  chemical 
agents,  excepting  melted  metals,  have  any  action  upon  gold. 
None  of  the  common  acids,  when  ttiken  singly,  can  dissohe  it, 
though  the  metal  is  completely  soluble  in  a  mixture  of  chlor- 
liydric  and  nitric  acids  (§  104),  and  is  not  completely  insoluble 
in  nitric  acid  contaminated  with  nitrous  or  hyponitrio  acid.  The 
elements  chlorine  and  bromine,  however,  unite  with  it  in  the  cold ; 
and  when  hot  it  is  attacked  by  phosphorus  and  arsenic. 

As  commonly  met  with  in  coins  or  jewelry,  gold  is  far  from 
being  pure ;  coin,  for  example,  usually  contains  at  least  10  per 
cent,  of  copper. 

In  order  to  prepare  pore  gold,  a  piece  of  coin  may  be  dissolved  in 
aqua  re^a  (Exp.  50),  the  solution  evaporated  to  dryness  upon  a  water- 

th,  in  order  to  expel  the  excess  of  acid,  the  residue  taken  up  with 
and  filtered,  to  remove  any  chloride  of  silver  which  may  be 
mt>  and  the  g^old  finally  precipitated  as  a  brown  powder,  by  adding 
fa  the  solution  some  sulphate  of  protoxide  of  iron  dissolved  in  water : — 
2AuCl,  +  eFeSO^  =  2Att  +  Fe,Ci.  -f  2(Fefi,,3SO,). 

The  powder  may  then  be  collected  and  dried,  and^  if  desirable,  melted 
and  cast  into  solid  masses. 

Upon  the  large  scale,  fine  gold  is  obtained  from  its  alloys  by  r^ 
moving  the  baaer  metal  by  means  of  either  sulphuric  or  nitric  acid. 

When  an  alloy  of  gold  and  silver,  or  copper  is  boiled  with  concen- 
trated sulphuric  acid  in  iron  kettles,  the  silver  and  copper  dissolve  with 
evolution  of  sulphurous  &cid,  while  the  gold  remains  undissolved,  and 
the  iron  vessel  is  not  acted  upon.  In  order  to  recover  the  silver  &om 
the  solution  of  mixed  sulphates,  sheets  of  copper  are  placed  in  this 
fiolutionf  and  the  silver  is  precipitated  upon  them^  as  has  been  shown 
in  Exp.  267. 

The  solution  of  sulphate  of  copper  is  then  evaporated,  and  the  sail 
obtained  in  the  crystallized  condition  fit  for  sale. 

The  treatment  of  the  alloy  of  gold  and  silver  with  nitric  acxd  ia 
based  upon  the  fact  that  silver  is  soluble,  while  gold  is  insoluble^  in 
this  acid.  But  it  has  been  found  necessary,  in  order  to  obtain  a  com- 
plete separatioa  of  the  two  metals,  that  the  proportion  of  silver  to 
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that  of  the  gold  in  the  ftlloy  should  be  ns  much  as  S  or  8  to  1 ;  oihet^ 
wiif-e  portions  of  the  silver  would,  atter  a  while,  become  «o  eovend 
with  g:old  m  to  be  protect-ed  from  the  action  of  the  ncid,  Aiid  tli«  !»• 
metftls  could  not  be  completely  separated  from  one  another.  In  pnc* 
tice,  whenever  the  alloy  to  be  treated  is  found  to  contain  more  Umn  A 
quarter  of  iU  wei;^ht  of  gold,  enough  silver  is  added  to  reduce  it  to 
thiii  proportion ;  hence  the  tenn  quarttition,  by  which  this  method  oi 
partinsf  gold  and  silver  ia  commonly  known. 

Finely  di^-ided  gold  obtained  by  precipltatitrnj  as  above  indieatwl, 
U  employed  to  a  considerable  extent  for  gilding  porcelain.  The  aur- 
lace  to  be  {Til t  is  first  painted  with  an  adhe.Mve  vaniish,  then  corenA 
with  a  mixture  of  the  gold  powder  and  a  fusible  enamel j  and  exponad 
to  intense  heat^  an  being  subaequentlj  burnished,  the  gold  tttkm  i 
high  polish. 

There  are  two  seriea  of  gold  aalts,  eorre^ponding  to  tli6  two 
oxides — a  protoxide  AuO,  and  the  teroxide  AnO,.  These  ozidei 
are  rather  acids  than  bases ;  the  teroxide  in  particular  uniteft 
with  many  metallic  oxides  to  form  'compoands  known  aa  auratfiAi 
The  chlorides,  bromides,  and  iodides  of  gold  also  readily  combiiie 
with  other  metallic  chlorides  to  form  chloraurates,  clilomurileii 
and  the  annlogoua  bromine  and  iodine  compounds. 

698.  TercJdoricU  of  Gold  (AuCl^)  is  the  compound  of  gold  iiM»t 
commonly  employed  in  the  laboratory.  The  manner  of  prepafin^ 
it  has  been  ali*eady  indicated  in  §  697.  It  serves  as  a  mdiiablo 
tost  for  tin* 

609.  QiJding, — ^There  are  several  methods  of  attaching  a  13b 
of  metallic  gold  to  surfaces  of  the  baser  metals. 

In  the  old  process  of  fire  gildings  the  object  to  be  gilt  was  Gnt 
heated  to  rednesa,  then  washed  with  dilute  acid  to  cleanae  its  sttrfnre, 
and  with  ft  solution  of  nitrate  of  mercury  in  order  to  amslgsmsto  it 
slightly;  it  was  then  rubbed  with  a  pasty  amalgam  compof^d  of  two 
part5  of  gold  and  one  part  of  mercury.  After  a  portion  of  the  gold 
amalgam  had  thus  been  attached  to  the  surface  of  the  article  to  bo 
gilt,  the  latter  was  heat<^d  to  drive  off  the  mercury,  and  the  gold  lefr 
upon  it  wn.?*  pnlisihed  with  a  burnishing-tooL 

In  the  more  modern  method  of  electro-gilding,  the  object  to  b«  gilt 
is  attached  to  the  negative  pole  of  a  galvanic  Imttery,  a  bar  of  gold  ii 
fastened  to  the  positive  pole  of  the  battery,  and  l)oth  the  object  \<\  b« 
gilt  and  the  bar  of  gold  are  placed  in  a  mL\ed  solulion  of  cyanide  of 
gold  and  cyanide  of  potassium.  Under  the*  action  of  the  ciim^nt,  tbs 
solution  is  decomposed]  gold  is  depo^itei  &om  it  qpgs  the  object  st 
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aegative  pole  of  the  batterj,  wliil©  the  other  ingrredienta  of  the 
n  go  to  the  positive  pole,  there  to  didiolve  gold  from  the  bar» 
and  tbu^  make  good  to  the  solution  the  metal  H  has  [oeU  Compare 
Ejtp.  3Gii)  Artirles  of  silver^  copper,  bronxe,  bmsiSt  or  platinum,  may 
th«a  be  gilt  dirtctlj ;  but  with  iron,  steel,  or  tin,  it  is  necessary  first 
to  immerfie  the  artid*  att^i  lied  to  the  b*ittery  in  a  solution  of  cyanide 
of  clipper  and  of  potass  um,  in  order  to  cover  it  with  a  film  of  copper 
to  which  the  gold  may  adhere. 

Even  without  a  battery,  gold  can  be  deposited  upon  silver  or  copper 
1>j  placing  either  of  these  metala  in  a  hot  solution  of  the  double  cyanule 
of  gold  and  potassium.  Copper  trinkets  are  also  aometimea  gilt  by 
boiling  them  in  a  liquor  prepared  by  misting  a  solution  of  chloride  of 
gold  with  a  solution  of  an  alkaline  cArbonate. 

In  general*  the  compounds  of  gold  have  but  few  propertiea  which 
ve  of  chemical  interest  What  has  been  said  of  the  permanence  of 
the  metal  imphes,  of  course,  that  it  i&  a  weak  chemical  agent,  having 
but  Uttle  affinity  for  other  substances. 

700,  Alloys  of  Gold, — Gf)ld  unites  with  most  of  the  other 
xnetak ;  but  its  most  important  alloys  are  those  of  copper,  silver, 
and  mercury.  Pure  gold  is  so  soft  that  articles  of  jewelry  made 
of  it  would  quickly  wear  out  if  used ;  such  articles,  as  well  as 
coins  and  watches,  are  therefore  alwap  made  of  gold  which  has 
been  alloyed  with  copper,  in  order  to  increase  its  hardness.  The 
standard  alloy  for  coin  in  this  country  and  in  France  is  nine 
parts  by  weight  of  gold  to  one  port  of  copper  ;  in  England  it  is 
eleven  parts  of  gold  to  one  of  copper.  These  alloys,  as  well  as 
the  alloys  of  silver  and  gold,  are  more  fusible  than  pure  gold,  but 
less  ductile*  Native  gold  is  an  alloy  of  gold  and  silver,  the  pro- 
portion of  the  latter  metal  varying  from  0-2  to  62  per  cent. 
Amalgams  of  g<»ld  play  an  important  part  in  the  molallurgy  of 
gold  (§  695),  and  in  the  process  of  fire  gilding  above  described* 

PLATOrUM. 

701.  Platinum  is  a  metal  which,  like  gold,  baa  little  afBnity 
for  the  other  chemical  elements.  It  is  commonly  found  in  the 
native  state,  alloyed  with  gold  and  with  other  metals.  Like  gold, 
it  is  obtained  by  washing  away  the  earth  and  sand  with  which  it 
is  foond  mixed.  It  is  a  very  heavy  metal,  the  specific  gravity  of 
cast  platinum  being  21 45,  Ita  atomic  weight  i%  197*4.  The 
color  of  platinum  is  intermediate  between  the  white  of  silver  and 
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the  gray  of  steel  j  ita  luatro  \b  far  leas  brilliant  than  that  of  silf  cr. 
It  IB  as  soft  as  copper,  very  malleable  and  very  termdotis  ;  it  may 
be  drawn  into  wire  80  fine  that  ita  diameter  is  ontj  -n/inj  ^^  • 
mill i metre.  It  is  not  fusible  in  ordinary  furnaces,  but  mny  he 
fa^ed  in  the  blowpipe -flame  (Exps.  26,  203),  and  ia  Dowadayi 
melted  in  considerable  quantities  in  lime  crucibles  by  means  of  a 
blowpipe  "flame  obtained  from  common  coal-gas  and  oxygeo*  At 
Tery  high  temperatures  it  may  be  volatilized.  Like  wrought  ima^ 
platinum  admitjs  of  being  forged  and  welded  at  temperature  fur 
below  its  melting-point.  When  heated,  it  expands  less  tlmn  any 
other  motal,  and  is  hence  well  adapted  for  the  construction  of 
iipparatuB  in  which  metal  and  glass  must  b©  fused  together.    It 

"conducts  heat  and  electricity  much  less  readily  tban  gold,  silTer, 
or  copper,  standing  in  this  respect  not  far  from  iron. 

702.  Platinum  doea  not  oxidize  in  the  air  at  any  tempemtnrei 
Bor  is  it  attacked  by  any  of  the  common  acids  taken  separately; 
in  aqua  regia  (§  104)  it  dissolves  slowly — much  less  readily  than 
gold.  Cliloriue-water  dissolves  it,  but  neither  bromine  nor  iodine 
has  any  action  upon  it.  When  heated  to  redness  in  the  air,  in 
contact  with  the  ^ed  caustic  alkalies  or  alkaline  earths,  it  k 
slowly  corroded,  in  consequence  of  the  formation  of  an  03dde 
which  unites  with  the  alkali.  Phosphorus  and  arsenic  unite 
rCiidily  with  hot  finely  divided  platinum,  forming  very  Aisible 
compounds  ;  sulphur  also  combinea  with  it,  though  far  less  readily. 
At  high  temperatures,  platinum  ia  easily  acted  upon  by  ailioon 
(compare  §  463).  A  platinum  crucible  should  eonsequfntly 
never  be  placed  in  direct  contact  with  a  hot  mixture  of  a  carbon 
compound  and  silicic  acid.     If  the  crucible  is  to  be  heatt*d  in  a 

^al  iire,  it  should  first  bo  placed  in  an  earthen  crucible  lined 
rith  some  infusible  earth,  such  as  magnesia. 

With  most  of  the  other  metals  platinum  unites  readily,  form- 
ing alloys  which  in  many  instances  are  more  fusible  than  pla- 
tinum itself;  hence,  in  using  plntinum  vessels  in  chemical  ax- 
perimonts,  care  must  be  taken  not  to  touch  the  platinum  wbila 
hot  with  easily  fusible  metnls,  or  to  place  in  the  hot  vessels  any 
reducible  compound  of  a  metal.  Moi^t  of  the  alloys  of  plutinum 
^ftre  not  only  fusible,  but  they  are  also  soluble  in  acids.  PUtinum 
prhich  has  been  aUoyed  with  10  or  12  times  its  weight  of  silf^r. 
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ioT  example,  ie  as  completely  soluble  in  nitric  acid  ob  the  silver 
itself. 

From  its  comparative  inertness  as  a  chemical  agent,  taken  in 
oennexion  with  its  in  fusibility,  platinum  is  an  extremely  useful 
metal  to  the  chemist.  It  is  employed  in  the  scientific  laburatory 
for  crucibles,  evaponitiug- dishes,  stills,  tubes,  spntulae,  forceps, 
wire,  blowpipe- tips,  and  the  like ;  and,  in  the  manufacture  of  oil 
of  vitriol,  large  platinum  atilLs,  together  with  cooling-siphons  of 
the  same  metal,  are  employed  in  the  process  of  concentrating  the 
acid* 

703.  A  remarkable  property  of  platinum,  of  inducing  rarioua 
gaaes  to  combine  chemicaily  one  with  the  other,  has  already  been 
repeatedly  alluded  to  and  illustrated  (§§  1^24,  240,  387).  This 
power  of  (causing  combiDation  is  possessed  even  by  clean  surfaces 
of  the  ordinary  solid  metal.  thouiJ:h  to  a  much  greater  degree  bj 
spongy  platinam  (Exp.  3G4),  and  still  more  by  the  very  finely 
divided  powder  known  as  platinum  black  (§  706). 

Platinum  forms  two  series  of  compounds,  corresponding  respec- 
tively to  the  protoxide  PtO  and  to  the  binoxide  PtO^.  Its  chlo- 
rides are  well-defined  compounds ;  but  with  the  oxygen  acids  it 
ionas  compftratively  few  salts,  and  none  of  these  are  at  present 
of  much  importance. 

704.  Protochloride  of  Platinum  (PtCl  J  is  a  compound  insoluble 
in  water,  obtained  by  carefully  heating  the  bichloride  to  230°  upon 
an  oil-bath.  It  dissolves  in  alkaline  lyes,  and  the  solution  thus 
obtained  may  be  used  for  making  platinum  black  (§  706).  At  a 
red  beat  chloride  of  platinum  is  completely  decomposed  to  metallic 
platinam  and  chlorine.  With  the  other  metallic  chlorides  pro- 
tochloride of  platinum  unites,  t'O  form  compounds  known  as  chlo- 
roplatinite.*;  the  general  formula  of  these  compounds  is  2MC!,PtClj. 

705.  BiMoAde  of  Platinum  (PlCl^)  is  the  platinum  compound 
most  commonly  employed  in  the  laboratory.  It  is  a  delinuescent 
substance,  readily  soluble  in  water,  alcohol,  and  ether;  the 
aqueous  solution  is  of  a  reddish -brown  color.  When  heat*^d  to 
2^,  or  thereabouts,  the  salt  loses  half  its  chlorine,  as  h:is  been 
already  stated.  The  aqueous  solution  of  bichloride  of  platinum 
is  much  naed  as  a  test  for  potassium  and  nmmtmium,  snd  for  pre- 
paring certain  organic  oomijounds  suitable  for  analysis. 

2  a 
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ilrp.  3GL — Cut  half  a  gramme,  or  more,  of  worn-out  platinum  foil 
or  wire  into  srafdl  frngmentSt  and  boil  theinwith  a  teaspoonful  of  aqaa 
regia  ao  long  as  the  metal  appears  to  be  acted  upon,  then  decant  the 
liquid  into  a  porcelain  disb,  add  to  the  fragments  of  platinum  another 
teaapoonful  of  aqua  regia,  and  proceed  aa  before,  repeatinjf  the  tr^t- 
menta  until  all  the  metal  has  dissolved.  By  the  repeated  action 
of  successive  email  portions  of  the  solvent,  platinum  and  other  com* 
paratively  speaking  insoluble  substances  can  be  dissolved  jauch  more 
readily  than  if  all  the  liquid  necessary  for  its  solution  were  added  it 
once.  Evaporate  the  solution  to  dryness  upon  a  water-bath,  take  up 
the  residue  with  water,  and  preserve  the  solution  in  a  bottle  pfrorided 
with  a  glass  stopper. 

Exp.  362. — Pour  a  teaspoonful  of  a  solution  of  chloride  of  potaaiium^ 
or  of  almost  any  other  salt  of  potaasiumf  into  a  test-tube,  acidulate 
the  liquid  with  chlorhydric  acid,  and  add  to  it  a  drop  of  the  aolntloD 
of  bicbloride  of  platinum  obtained  in  the  preceding  ejcperiment  A 
yellow,  insoluble  powder  will  soon  be  precipitated.  It  is  a  doubJo 
chloride  of  potassium  and  platinum,  and  it«  formula  may  be  written 
SKCl^PlGl^.  This  test  serves  to  distinguish  potassium  from  aodiumi 
and,  if  need  be^  to  separate  potassium  from  solutions  in  which  it  it 
mixed  with  sodium ;  for  the  double  chloride  produced  with  chloride  of 
sodium  and  bichloride  of  platinum  is  easily  soluble  in  water, 

Exp,  BOS. — Repeat  Exp.  362,  but  substitute  chloride  of  ammofntam 
for  the  chloride  of  potassium,  A  yellow  precipitate,  similar  to  that 
obtained  in  Exp,  362,  will  separate  immediately,  or,  if  the  solutions 
employed  are  dilute,  after  a  short  time.  The  composition  of  this  pr»> 
dpitate  may  be  represented  by  the  formula  2NH^Cl,PtCl^.  Agiun 
repeat  the  experiment,  and  this  time  take  enough  of  the  platinum 
solution  and  of  the  chloride  of  ammonium  to  make  half  a  tt'aspoonfbl 
of  the  yellow  precipitate,  taking  care  that  at  last  there  shall  be  a  slight 
excess  of  free  chloride  of  ammonium  rather  than  of  chloride  of  plati* 
sum  in  the  supernatant  liquid.  Allow  the  precipitate  to  settle,  sepa- 
rate it  from  the  clear  liquid  by  decantation,  and  dry  it  partially  at  a 
gentle  beat  When  the  precipitate  has  acquired  the  con^tatenoe  cf 
elightly  moistened  earth,  transfer  it  to  a  cup-shaped  piece  of  platinnn 
foil,  and  heat  it  to  redness  in  the  gas-flame,  as  long  as  fumea  of  cblo* 
ride  of  ammonium  continue  to  escape.  All  the  chlorine,  hydro^^f 
and  nitrogen  will  be  driven  off,  and  there  will  remain  upon  tJie  foil  a 
gray,  looseh  (Coherent,  sponge-like  mass  of  metallic  platinum  j  it  is 
called  platinum  itpcn^ 

Exp,  364. — Hold  the  dry  plitinum  sponge  of  Exp.  863  in  a  stTwam 
of  hydrogen  or  of  common  illuminating  gas  issuing  from  a  tin<^  jet 
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Tlie  metal  will  soon  begin  to  ^lowp  ond  in  &  momont  will  become  bot 

enough  to  inflame  the  mixture  of  air  and  gas  in  contact  with  it  Bo- 
fore  fnction-nuatches  were  employed,  tbia  property  of  spongy  platinum , 
of  inflaming  hydrogen^  was  sometimes  made  use  of  for  striking  a  light 
The  mode  of  action  of  the  platinum  in  this  experiment  is  obscure ;  it 
baa  already  been  alluded  to  in  $  387. 

From  platinum  sponge,  eolid  articles  of  platinum  may  be  manu&c* 
tured  by  compreaaon.  If  the  spongy  platinum  be  first  rubbed  to  pow* 
der  under  water,  the  particles  of  metal  of  which  i^  is  composed  can  be 
readily  compacted  into  solid  bars  by  aubjecting  the  powder  to  powerful 
pressure  in  appropriate  moulds.  The  pressed  bar  is  then  heated  in- 
tensely in  a  coke-lire  with  strong  draughty  and  forged  by  striking  ifc 
with  the  hammer  upon  its  ends — the  process  of  heating  and  forging 
being  several  times  repeated,  imtil  the  bar  has  become  sufficieDtly  con- 
densed. The  metal  may  then  be  wrought  into  any  desired  shape  by 
beating  and  hammering,  in  the  same  way  as  any  other  malleable  metal. 
This  process  of  working  platinum  was  for  a  long  time  the  common 
method,  and  is  still  employed  to  a  cert^  extent. 

706*  Hatinum  Black  is  a  term  applied  to  metallic  platinum 
0ven  more  finely  divided  than  the  sponge  aboTe  described. 

By  dissolving  protochloride  of  platinum  in  hot  concentrated  pot- 
Ash-lye*  and  pouring  into  the  hot  liquor  nlcohol^  by  small  successive 
portions,  platinum  will  be  thrown  down  aa  a  black  powder  looking 
like  soot.  The  powder  should  be  &eed  from  the  supernatant  liquor  by 
decantation,  and  then  boiled  successively  with  alcohol,  chlorhydiio 
add,  potash-lye,  and  water,  in  order  to  free  it  from  all  impurities. 

A  capacious  vessel  must  be  chosen  for  the  reaction  of  the  alcohol 
upon  the  alkaline  solution  of  chloride  of  platinum  ;  for  much  carbonic 
acid  is  generated  while  the  components  of  the  alcohol  are  reducing 
the  solution  of  platiiium»  so  that  lively  effervescence  occurs.  Platinum 
black  is  capable  not  only  of  ab»orbing  and  storing  up  many  times  its 
own  bulk  of  oxygen  gas  \  it  is  also  capable  of  giving  away  this  oxygen 
to  many  other  substances.  If  easily  oxidi^able  liquids,  such  as  alcohol 
or  ether,  are  dropped  upon  platinum  blaclc  which  has  previously  been 
exposed  to  the  air,  the  Uquids  will  be  oxidized  and  converted  into  new 
•obstancesy  while  the  powder  becomea  red-hot  from  the  heat  evolved 
during  the  act  of  oxidation, 

707.  Besides  forming  with  the  chlorides  of  potassium  and  am- 
monium the  insoluble  compounds  above  described,  bichloride  of 
platinum  nnitea  with  many  other  chlorides,  both  of  metals  and  of 
organic  radicals,  to  foim  analogoofl  aalts  of  the  general  formula 
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2MCl,PtCl^,  or  MCl^.PtCl^.  These  compoands  are  commoiily 
called  chloroplatinates ;  by  means  of  tbem  the  composition  and 
combining  weights  of  many  organic  compounds  have  been  deter- 
mined. It  is  only  necessary  to  ignite  a  weighed  portion  of  the 
chloroplatinate,  and  to  weigh  the  residue  of  pure  platinum  which 
is  left  after  the  organic  matter  has  all  been  driven  o£^  in  order 
to  ascertain  how  much  platinum  is  contained  in  the  compound. 
This  fact  having  been  determined,  the  quantity  of  the  organic 
radical,  or  rather  of  the  chloride  of  the  radical,  which  was  com- 
bined with  the  chloride  of  platinum  in  the  chloroplatinate^  may 
be  readily  calculated. 

708.  With  gold  and  .platinum  are  classed  several  rare  metals 
which  are  never  found  except  in  association  with  platinum,  and 
which  closely  resemble  that  metal.  They  are  commonly  called 
platinum  metals,  and  the  group  may  be  appropriately  termed  the 
platinum  group.  The  whole  group  consists  of  Bhodium  (atmnic 
weight  =104),  Ruthenium  (104),  Palladium  (106-5),  Gold  (196-7), 
Platinum  (197-4),  Iridium  (198),  and  Osmium  (199).  Palladium 
is  used  to  impart  to  brass  gas-fixtures  a  peculiar  reddish  tint, 
sometimes  called  salmon-bronze.  Iridium  is  used  for  the  very 
hard  tips  of  gold  pens.  Osmium  forms,  among  other  oxides,  a 
volatile  compound  OsO^,  whose  vapors  are  intensely  poisonous. 
The  metals  of  this  group  are  noble  metals ;  they  withstand  the 
action  of  the  atmosphere  ;  none  of  them  are  acted  upon  by  nitric 
acid,  though  they  dissolve  in  chlorine  and  in  aqua  regia.  Their 
oxides  part  vnth  all  their  oxygen  when  simply  heated,  leaving 
the  metal  behind. 
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CHAPTER  XXXV, 

AioMio  wsieHis  or  the  ELEMsirra— classiticatiok. 

709.  An  alphabetical  list  of  the  sixty-five  recognized  elements, 
with  their  symbols  and  atomic  weights,  is  here  given  for  convenience 
of  reference.  The  names  of  those  elements  which  are  so  rare  as 
to  be  at  present  of  little  importance  are  printed  in  italics : — 


Aluminum 

.    Al  . 

27-4 

MercuiT     . 
Molybdenum 
Nickel 

Antimony  • 

.    Sb  . 

122 

Arsenic      • 

.    As  . 

76 

Barium       • 

.    Ba  . 

137 

Nitrogen    . 

Bismuth     • 

.    Bi   , 

210 

Norium 

Boron         • 

.    Bo  . 

11 

Osmium     • 

Bromine     • 

.    Br  . 

80 

Oxygen      . 

Cadmium  • 

.    Cd. 

112 

Casmm      • 

.    Ca  . 

133 

Phosphorus 

Calcium     • 

.    Ca  , 

40 

Platinum    . 

Carbon 

.    C    . 

12 

Potassium  . 

Cerium       • 

.    Ce 

92 

JRhodium    . 

Chlorine     • 

.    CI 

35-5 

Rubidium    . 

Chromium  . 

.     Cr 

.    62-5 

Ruilienium . 

Cobalt 

.     Co 

.    68-8 

Selenium     . 

Silicon        • 

bmm)      . 

.    Nb 

.    94 

Silver 

Copper 
Ihdymium  . 

.    Cu 

.    63-4 

Sodium 

.    D 

.    95 

Strontium  • 

Erbium 

.    E 

P 

Sulphur 

Fluorine     . 

.    Fl 

.    19 

Tantalum   . 

Glucinum   . 

.    Gl 

14 

Tellurium  . 

Gold  . 

.    Au 

.196-7 

Terbium     . 

Hydrogen  . 

.    H 

.      1 

ThaUium    . 

Indium 

.    In 

.    35'9(P) 

Thorium     . 

Iodine 

.    I 

.127 

Tm     . 

Iridium 

.    Ir 

.198 

Titanium    . 

Iron    . 

.    Fe 

.    66 

Tungsten     . 

Lanthanum 

.    La 

.    92*8 

Uranium     . 

Lead  . 

.    Pb 

.207 

Lithium 

.    Li 

.     7 

YUrium      . 

Magnesium 

.    Mg 

.    24 

Zinc    . 

Manganese. 

.    Mn 

.   66 

Zirconium  • 

.    Hg 

.    Mo 
.    Ni 
.    N 
.    No 
.    Os 
.    O 
.    Pd 
.    P 
.    Pt 
.    K 
.    Bh 
.    Rb 
.    Ru 
.    Se 
.    Si 
.    Ag 
.    Na 
.    Sr 
.    S 
.    Ta 
.    Te 
.    Tb 
.    Tl 
.    Th 
.    Sn 
.    Ti 
.    W 
.    Vt 
.    V 
.    Yt 
.    Zn 
.    Zr 


.200 
.  96 
.  68-8 
.  14 
.  f 
.199 
.  16 

.  106-6   • 
.  81 
.197-4 
.  39-1 
.104 
.  86-7 
.104 
.  79-6 
.  28 
.108 
.  23 
.  87-6 
.  32 
.137-6 
.  128 
.   P 
.204 
.  231-6  (P) 
.118 
.  60 
.184 
.120 
.137 
.  68 
.  66 
.  90  (?) 
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710.  In  the  following  table  the  dementa  are  arraogcd  in  what    H 

are  believed  to  bo  natural  groups.     Without  accepting:  any  one  in*     H 

fallible  criterion  of  classic  cation,  or  insisting  upon  any  Bystematio       ■ 

arrangement  of  the  elements  in  groups  with  that  strenuoiwneas     J 

which  is  apt  to  make  classification  rather  a  hindrance  than  a  help,    H 

1                the  student  may  provisionally  use  this  subdivision  of  the  elements        i 

'                into  groups  as  a  help  in  remembering  facts,  as  a  guide  to  the 

prompt  recognition  of  general  properties  and  general  lawa,  and  ai 

1                ft  suggestive  compend  of  Ms  whole  chemical  knowledge : —              J 

Fluorine  •        ,        »        •       19 

Glucinum            *               14           ^| 

1                  CUorine  .        ,        ,        *      35*5 

Aluuiinum          ■ 

^^^M 

Bromine  ,        *        .        .      80 

Chromium 

^^H 

Iodine     ....    127 

Manganese 

^^1 

r 

Iron    ,        .        ^ 

.   r,\  ^m 

H            Oxv^n   ....      16 

Cobalt 

.       .     rs-^  ^M 

■            Sulphur  ...»      32 

Nickel 

.    .>-d  ^H 

^m             Belenium          ,        ,        ,       705 

Yttrium      , 

tib     ^M 

■            Tellimum        .        .        .    12d 

Erbium       .        < 

■ 

^1 

Terbium      , 

►    •    ?      ^ 

^1            Nitrooren                           •14 

ZirconTum  , 

•      90(P) 

^m            Phosphorus     ,        •        •      31 

Norium       ,        , 

,       ? 

^m            Arseiiic    .        •        .        •      75 

Cerium       ,        , 

«      93 

■            Antimony        «       .        .122 

1  lanthanum 

.       .     9M 

■            Bismuth  ,        *       ,        .210 

Bidymium  .        . 

.      05 

^^^ 

Uranium     . 

.       •    120 

^^K       Carbon    .        •        •        .      12 

Thorium     .       « 

.    281-6  (?) 

^^g      Boron      ....      11 

^^^       RiHf^on    ....      28 

Copper 

.     .    e»4 

^M 

Mercury     •        i 

1       t    200 

H            Hydrogen        ,       •       •       1 

H            Lithium          •        •       •        7 

Titanium    •        , 

.      60 

^1            Bodiuin    .        •                .23 

Columbium        < 

*      04 

H            FotAf(«itim                         .301 

Tin     ,        .        , 

»       ♦    118 

^1            Rubidium        ,        ,        «      85-7 

Tantalum    .        « 

>       .    137^ 

■             Silver               .        .    »   .     108 

^1            Caesium  *        •        •        *    l3:t 

Molybdenum      , 

>       •     06 

■           Thallium         ...    204 

\'iiniMiium  *        4 

.    137 

^1 

Tungsten    .        . 

•    184 

■            Calcium  ....      40 

^1            Strontium        •       •        .      87'^ 

Bhodium    . 

.       *    104 

■             Barium    ....    137 

Kulhenium         < 

.    104 

■            Lead        ....    207 

Palladium  .        i 

.     IOJ'5 

^m 

Gold  . 

.     ll»67 

H           Hagnestum     •       •       •     24 

Platinum    .        , 

.    197*4 

■            Zinc        ,       •       .       •      66 

Indium       •        . 

.        .    198 

■            C^dmluffl        •       •       .    112 

Osmium     •       , 

«    190 
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711.  Aiomie  Heats  of  the  Elements. — ^The  power  of  heat  to 
cause  changes  of  temperature  is  not  the  same  for  any  two  suh- 
stances,  hut  varies  with  the  nature  of  the  suhstance  subraittod 
to  its  action.  Each  chemical  element  is  peculiarly  affected  in 
this  respect  by  heat.  The  quantity  of  heat  needed  to  raise  the 
temperature  of  a  certain  weight  of  water  from  0°  to  1°  being  called 
unity,  the  quantity  of  heat  required  to  raise  the  temperature  of 
the  same  weight  of  any  element  by  the  same  amount  is  the  specific 
heat  of  that  element  (§  31).  In  the  second  column  of  the  follow- 
ing table  will  be  found  the  specific  heats  of  a  number  of  represen- 
tative elements,  selected  from  each  group  of  elements  except  the 
carbon  group,  and  arranged  in  the  order  of  their  atomic  weights. 
(Compare  §710.) 

Name.      Specifie  Heat.    AJtomie  Weight,    Atomic  HeaL 

Lithium  . .  094080  7  6*59 

Aluminum  -21430  27*6  6*89 

Sulphur  ..  -20269  82  6*48 

Iron -11380  66  637 

Copper....  -09516  634  604 

Arsenic    ..  -08140  76  611 

Silver  ....  -05701  108  616 

Cadmium  -05669  112  6*36 

Tin  -05623  118  6-63 

Iodine  ....  -05412  127  6-87 

Tungsten..  -03342  184  615 

Gold -03244  196  6-30 

Lead    ....  -03140  207  6-60 

Bismuth..  .  -03084  210  648 

The  preceding  table  contains  only  solid  substances.  It  has  been 
found  that  the  specific  heat  of  the  same  body  is  commonly  greater 
in  the  liquid  than  in  the  solid  state,  and  always  less  in  the  gaseous 
than  in  the  liquid  state.  Accordingly  in  instituting  any  compa- 
rison between  different  bodies,  based  on  their  specific  heats,  it  is 
essential  to  compare  them  in  the  same  physical  condition,  solids 
with  solids,  liquids  with  liquids,  gases  with  gases.  The  second 
column  of  the  following  table  contains  the  specific  heats  of  the 
four  elements  which  are  gaseous  at  the  ordinary  atmospheric 
temperature  and  pressure. 
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Kanie,       S^tfic  Heat, 

AtonUc  WeiifhL 

Mmnif  HetA. 

Hjdrflgen..       3'4090 

1 

3*400a 

Nitrogen  •.       02438 

14 

ZAim 

Oxygen....          2175 

16 

8480a 

Chlorine   .,         'P210 

S5'5 

4-2055 

On  comparing  t<>gether  the  numbers  in  the  second  and  third 
columns  of  the  preceding  tables,  it  will  be  noticed  that  the  lower 
the  atomic  weight  of  an  olt^ment  is,  the  higher  is  its  spcmfic  heat, 
and  vice  versd.  In  the  fourth  eoliinm  of  the  tables,  under  the 
name  of  atomic  fttat^  wOl  be  found  the  product  of  the  eporific  he4t 
by  the  atomic  weight  of  each  clement.  The  atomic  heats  of  the 
elements  represent  the  quantities  of  heat  which  are  rc<juired  to 
cause  equal  alterations  of  temperature  in  atomic  proportions  of  the 
eeveral  elements.  But  the  tables  show  that  these  quantities  of 
heat  are  nearl^r  the  same  for  each  and  all  of  the  fioHd  elrmenti 
compared  in  the  first  table,  and  are  again  approximately  equal 
for  the  gaseous  elements  which  are  grouped  in  the  second  table. 

This  striking  principle  is  deducible  from  the  foregoing  conw- 
derations — namely,  that  while  the  capacities  for  heat  of  the  same 
weights  of  the  various  elements  are  very  different,  the  oapacitief 
for  heat  of  the  atoms,  or  atomic  proportions,  of  the  eleraonts  arc 
nearly  identical,  prodded  that  the  elements  compared  be  in  the 
same  physical  condition.  In  other  words,  those  weights  of  the 
elements  which  are  assumed  to  represent  the  relatire  weights  cif 
their  atoms  require  approximately  the  same  amount  of  hesat  to  miiw 
them  through  an  equal  number  of  degrees  of  temperature  ;  whilo 
the  amounts  of  heat  required  to  raise  equal  weights  of  the  eleinrnt» 
through  an  equal  number  of  degrees  are  expressed  by  very  diffe- 
rent numbers  (the  specific  he«ts).  It  is  essential,  howeTor,  thai 
the  elements  compared  should  be  in  the  same  phj*8ical  eondiliou« 

It  is  true  that  the  numbers  repreaentiiig  the  atomic  befits  show 
considerable  discrepancies  ;  but  when  it  is  remembered  that  there 
are  unavoidable  errors  attaching  to  the  determinations  both  of  the 
specific  heals  and  of  the  atnmio  weights,  that  many  of  the  ele- 
ments cannot  yet  be  obtained  in  a  condition  of  purity,  and  th.it 
the  two  factors  of  the  product  (specific  heat  and  atomic  weijjht) 
vary  in  the  proportion  of  1  t^  30,  it  will  be  seen  that  the  ac- 
cordance is  distinct  enough  to  indicate  the  existence  of  a  general 
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law.    The  atomic  heats  of  carbon,  boron,  and  silicon,  however,  do 
not  conform  to  this  law. 

712.  Atomic  Heats  of  Compounds, — ^The  same  kind  of  relation 
between  the  specific  heat  and  the  molecular  weight  obtains  within 
certain  classes  of  compound  bodies  of  like  constitution.  Only 
those  compounds  which  have  an  analogous  atomic  constitution  can 
possess  approximately  the  same  molecular  heat ;  and  there  are 
many  admitted  exceptions  even  to  this  rule.  The  following  table 
contains  the  specific  and  atomic  heats  of  a  number  of  inorganio 
compounds,  arranged  in  groups  according  to  their  chemical  com- 
position. 

i?.*,.^,;^  Spedjic        Molecular      Atomio 

Formula.  ^^  ^^^         ^^ 

L  Oxides  MO. 

PbO    O-OSOSO  223  11-35 

HgO    -06179  216  1119 

CuO    -14201  79-6  1119 

ZnO -12480  81  1011 

%  M,0,. 

FeA -16695  160  2671 

CfjO, -17960  163  27-47 

BiA -06058  468  28-33 

Sb,03 -09009  292  26-31 

&  CHLORn>£S  MCI. 

NaCl  0-21401  58-5  12-62 

KCl     -17295  74-5  12-88 

HgCl -06205  235-5  1226 

CuCl  -18827  99  18-69 

4  MCI,. 

MgCl, -19460  95  18-49 

ZnCl, -18618  136  18-62 

PbCl, -06641  278  1846 

MnCl, -14255  126  17-96 

SnCl, -10161  189  1920 

ff.  MCI4. 

SnCl, -14759  260  88-37 

TiCl4 -10145  192  86-76 
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would  determine  for  tlie  chemist  the  atomic  weights  of  the  ele- 
ments in  experimentally  fixing  their  specific  heats;  he  would 
also  indic^ite  the  true  dassiBcation  of  chemical  compounds  hy 
determining  the  specific  heats  of  these  compounds.  To  obtain 
the  atomic  weight  of  any  element,  it  would  su^ce  to  divide  the 
atomic  heat  common  to  all  the  elements  in  the  same  physical  state 
by  the  specific  heat  of  that  element.  To  determine  the  class  of  com- 
pounds to  which  a  given  compound  belonged,  it  would  be  suffi- 
cient to  know  its  atomic  heat.  A  given  carbonate,  for  example, 
would  belong  to  the  class  M^CO,  or  to  the  class  MCO^>  according 
as  its  atomic  heat  were  about  29  or  about  22* 

Although  the  principle  of  the  equality  of  the  atomic  heats  of 
the  elements  and  of  compounds  of  like  constitution  is  not  esta- 
blished with  that  certainty  which  would  give  to  the  experimental 
determination  of  the  specific  heat  the  conclusive  weight  just  in- 
dicated^ yet  this  equality  certainly  affords  a  very  strong  pre- 
sumption in  favor  of  the  correctness  of  the  atomic  weights  of  the 
elements  contained  in  the  above  tables,  and  of  the  molecular 
formulae  on  which  the  classification  of  compounds  in  the  third 
table  is  bo&ed. 

714.  Two  Sets  a/  Atomic  Weights  in  «je. — ^The  student  will 
find  in  many  books  on  chemistry  weights,  other  than  those  used 
in  this  manual,  assigned  to  the  majority  of  the  elements,  and 
variously  called  combining,  equivalent,  or  atomic  weights.  To 
all  the  elements,  except  those  of  the  chlorine^  nitrogen,  and 
alkali  groups,  and  the  elements  boron  and  gold,  are  assigned 
weights  which  are  respectively  the  halves  of  the  numbers  given 
in  §§  700,  710,  The  weight  assigned  to  sulphur,  for  exomplej 
is  16,  to  lead  103-5,  to  cadmium  56,  to  iron  2S,  to  copper  31-7, 
to  tin  59,  to  oxygen  8,  and  so  forth.  If  these  smaller  numbers 
were  accepted  as  the  true  atomic  weights  of  the  elements  to 
which  they  are  respectively  assigned,  it  is  obvious  that  the  rela- 
tion of  equality  between  the  atomic  heats  of  all  elements  in  the 
same  physical  state,  pr^ented  in  the  tables  of  §  711 ,  would  disap- 
pear ;  furthermore,  many  of  the  relations  indicated  in  the  table 
of  §  712  would  be  no  longer  visible.  The  atomic  heats  of  the 
solid  elements  would  be  divisible  into  two  classes,  in  one  of 
which  the  atomic  heat  would  be  about  double  what  it  was  in  the 
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other.  If  the  tttoroic  weight  of  lead  were  103*5,  the  formtdft  of 
the  white  chJoride  of  lead  (§  581)  would  he  PbCl,  analogous  to 
NaCl,  and  there  would  be  no  clear  reason  why  ita  atomic  h^fnt 
ahould  not  bo  that  of  the  chlorides  of  the  formula  MCl,  nain*?ly, 
about  12-5 ;  but  ite  atomic  heat  would  be  only  9*23.  If  ih« 
atomic  weig:ht  of  iron  were  28,  that  of  potassium  being  39*1 , 
there  would  be  no  assignable  reason  for  the  marked  differf*not 
between  the  atomic  heats  of  the  two  carbonates ;  the  formulii»  of 
the  carbonateB  of  iron  and  of  potassium  would  be  aliko^ — either 
oth  IT^CO,  or  both  MCO^. 

Another  consequence  of  using  the  smaller  atomic  weights  must 
fiot  pass  unnoticed.  If  the  atomic  weight  of  oxygen  ia  S  and  of 
sulphur  16,  the  coincidence  of  the  atomic  weight  and  the  unit^ 
Tolume  weight  of  those  eight  elements  for  which  this  equality 
has  been  affirmed  (§  259)  ceases  to  be  true;  and  the  simple  rule 
that  the  molecule  of  every  compound  gas  or  rapor  occupies  ft 
volume  twice  as  large  as  the  combining  volume  of  hydrofvu, 
oxygen,  chlorine,  and  so  forth,  will  lose  the  uuiversalitj  which 
eon9titut<?9  its  chief  value. 

The  student  will  remember  that  the  determination  of  the  kmi 
combining  proportion  by  weight  of  any  clement  which  caouot  be 
converted  into  vapor  is  not  a  matter  of  direct  experiment  eimplf 
(§§  395,  003).  The  natural  analogies  of  the  element  and  its 
compounds,  the  greater  or  less  simplicity  of  the  formulte  whioh 
result  from  one  assumption  or  another,  the  indications  of  isomor- 
phism, and  of  atomic  heat,  have  all  to  be  consulted.  That  the 
host  guides  have  thus  far  failed  to  lead  to  an  unquestionable 
determination  of  the  real  l^st  combining  weights'  (or  atomic 
weights)  of  the  majority  of  the  elements,  may  be  inferred  from 
the  diversities  of  usage  on  this  subject  in  chemical  literattinJ, 
In  order  to  indicate  that  they  mean  the  atomic  weights  which 
have  been  given  in  this  manual,  many  chemists  write  the  sym* 
hols  of  those  elements  for  which  two  different  weights  axe  iji  use 
with  a  line  drawn  through  them,  thus  O,  8,  5^e,  Pb.  This  prae- 
tice  is  almost  essential  in  periodical  publications  to  whitb  writ 
of  ditFerent  theoretical  views  contribute. 

715.  In  the  midst  of  the  doubts  and  dbcussiom^  mi      ^      T, 
envelope  chemical  theories,  the  student  will  do  well  tu  im,^ 
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that  all  these  questions  lie  without  the  sphere  of  fact.  They  do 
not  affect  the  actual  composition  or  properties  of  a  single  element 
or  compound ;  they  are  questions  of  interpretation,  classification^ 
and  definition.  The  existence  of  atoms  is  itself  an  hypothesiBy 
and  not  a  probable  one ;  all  speculations  based  on  this  hypothesis, 
all  names  which  have  grown  up  with  it,  all  ideas  which  would 
be  dead  without  it,  should  be  accepted  by  the  student  provision- 
ally and  cautiously,  as  being  matter  for  belief  but  not  for  know- 
ledge. All  dogmatic  assertion  upon  such  points  is  to  be  regarded 
with  distrust  The  great  majority  of  chemists,  devoted  to  the 
applications  of  chemistry  in  minenilogy,  metallurgy,  dyeing, 
printing,  and  the  manufacture  of  chemicals,  remain  completely 
indifferent  to  discussions  of  chemical  theories.  Hence  the  student 
will  find  that  in  technical  chemical  literature  the  older  notation 
and  the  corresponding  smaller  atomic  weights  are  almost  in- 
yariably  employed. 

Theories,  however,  are  of  great  importance  to  the  progress  of 
the  science  and  to  the  clear  ordering  of  the  ground  already  won. 
It  is,  on  this  account,  very  much  to  be  wished  that  the  great 
attention  now  devoted  to  the  discussion  of  the  best  methods  of 
representing  symbolically  the  constitution  of  chemical  substances 
and  the  changes  to  which  they  are  subject,  may  result  in  the 
elaboration  of  s  system  good  enough  to  command  general  ao- 
oeptanoe. 
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CHEMICAL    MANIPULATION. 

L  Gkm  tuning. — Two  q^ualities  of  glass  tubing  are  used  In  chemical 
experiments^ — that  which  aoftena  readily  in  the  tlame  of  a  gas  or  spirit- 
Lmip,  and  that  which  fuses  with  extreme  di^culty  in  the  dame  of  the 
hlaat-lamp.  The^je  two  qiialitiea  are  diatinguiahed  by  the  terma  $ofi 
and  hard  glass.  Soft  glass  is  to  he  preferred  for  all  usea  except  the 
intense  heating,  or  ignition,  of  dry  aubstances.  Kg.JE.  represent*  the 
most  convenieni  aizea  of  glass  tubing,  both  hard  and  soft^  and  shows 
•Iao  the  p7op«x  thickness  of  the  glass  walls  for  each  sise. 

Fig.  L 
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3.  Cuitmff  and  eroding  ^Zas«»-^lasa  tiiblng  and  glass  rod  mosl 
generally  be  cut  to  the  length  required  for  any  particular  apparatua. 
A  sharp  triangular  file  is  used  for  this  purpose.  The  stick  of  tubing, 
or  r^i^,  to  be  cut  is  laid  upon  a  table,  and  a  deep  scratch  is  made  with 
the  file  at  the  place  where  the  fracture  is  to  be  made*  The  stick  la 
then  graf^ped  with  the  two  hands,  one  on  each  side  of  the  mark,  while 
the  thumbs  are  brought  together  just  at  the  scratch.  By  pushing 
with  the  thumbs  and  pulling  in  the  opposite  direction  with  the  fingera, 
the  stick  is  broken  aquarely  at  the  scratch,  just  aa  a  atick  of  candy  or 
dry  twig  may  be  broken.  The  &harp  edges  of  the  fracture  should  in- 
Tariablj  be  nlade  smooth,  either  with  a  wet  file,  or  by  softening  the 
end  of  the  tube  or  rod  in  the  lamp.  (See  Appendix,  {  3.)  Tubes  or 
rods  of  aizes  four  to  eight  incluaive  may  readily  be  cut  in  this  manner; 
the  larger  sizes  are  divided  with  more  difficulty,  and  it  is  often  necea- 
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Fig,  IT, 


May  to  make  tbe  fUe-mark  both  long  and  deep.  An  eren  fimchiT^  li 
not  always  to  be  obtained  with  krvr©  tubes.  The  lower  euiia  of  |tl»a» 
fuunelflt  and  those  ends  of  g-a^  delivery-tubes  which 
enter  the  bottle  or  flask  in  which  the  gas  is  generat«?d, 
should  bo  filed  ofT,  or  ground  ofl*  on  a  grindfltone,  ob- 
liquely (Fig.  II.),  to  focilitate  the  dropping  of  liqnida 
from  such  extremitiea. 

In  order  to  cut  glass  plates,  the  glazier^fl  diamond 
raufli  be  resorted  to.  For  the  cutting  of  extremely  thin 
gUiM  tubes  and  of  other  glass  ware,  like  flasks,  reUirta,  and  bottles,  etin 
other  mnaofl  are  resorted  to,  based  upon  the  sudden  and  unequal  ap- 
plication of  heat.  The  process  divides  itself  into  two  part»^ — the  pro- 
ducing of  a  crack  in  the  required  place,  and  the  subsequent  guiding  of 
this  crack  in  the  desired  direction.  To  produce  a  cracky,  a  ecrftteb 
must  be  made  with  the  file^  and  to  this  scratch  ii  pointed  bit  of  red- 
hot  charcoal,  or  the  jet  of  flame  produced  by  the  mouth  blowpipe,  or 
a  very  fine  gaa-f!amef  or  a  red-hot  glass  rod  may  be  applied.  If  the 
heiit  does  not  produce  a  cra<!k,  a  wet  stick  or  file  may  be  touched  upon 
the  hot  spot.  Upon  any  ptirt  of  a  glass  surface  except  the  ed;ij:«,  it  la 
not  possible  to  control  perfectly  the  direction  and  extent  of  this  fijvt 
crack  ;  at  an  i^dge  a  small  crack  may  be  started  with  tolemble  certainty 
by  carrying  the  file-mark  entirely  oivr  the  edge.  To  guide  the  crack 
thus  stalled^  a  pointed  bit  of  charcoal  or  t>low  match  may  b«  ii*ed. 
The  hot  point  mu.'^t  bt*  kept  on  the  glass  frtjm  1  cm.  to  0'6  c»m.  in 
advance  of  the  point  of  the  crack.  The  crack  will  follow  the  hot 
point,  and  may  therefore  be  carried  in  any  desired  direction*  By 
turning  and  blowing  upon  the  coal  or  slow  mati^h  the  point  may  \m 
kept  sufficiently  hot.  Whenever  the  place  of  experiment  ia  sapplbnl 
with  common  illiiuiinating  gas,  a  very  small  JE*t  of  burning  gne  may 
be  advantageously  sub*^tituted  for  the  hot  coal  or  slow  match.  To 
obtain  such  a  sharp  jet,  a  piece  of  hard  glass  tube,  No.  5,  lOc.m,  loDg, 
and  drawn  to  a  very  fine  point  (ftee  Appendix,  §  3),  should  be  placed 
in  the  caoutchouc  tube  which  ordinarily  delivers  the  gai  to  the  ga** 
lamp,  and  tho  gas  should  be  lighted  at  the  fine  extremity.  The  burn- 
ing jet  should  have  a  fine  point,  and  should  not  exceed  I'fi  cm.  in 
length.  By  a  judicious  use  of  these  simple  tools,  broken  tubtsv, 
beakers,  flasks,  retorts,  and  bottles  may  often  be  made  to  yield  v«ry 
useful  articles  of  apparatus.  No  sharp  edges  should  be  allowed  to 
wmain  upon  glass  apparatus.  The  durability  of  the  apparatus  it»elf| 
and  of  the  corks  and  caoutchouc  stoppers  and  tubing  used  with  it,  will 
be  much  greater,  if  all  sharp  edges  are  removed  with  the  file  or^  fttiU 
better^  rounded  in  tJie  lamp* 
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AEATITre  GLASS  TUBES. 

3t  Bending  and  dosing  glam  tubes, — Tubing  of  sizes  five  to  eight 
inchi-vive  can  gonerftUy  bu  worki*d  in  the  common  ^aa-  or  spirit-lump ; 
for  lar^r  tubes  ibe  bkst-larap  is  necessary  (»ee  Appeurlix,  §  0), 
GliM«  tubing  mu5t  not  be  introduced  suddenly  into  tht?  hottest  part  of 
the  flame,  le*t  it  crack.  Neither  sbould  a  hot  tubo  be  taken  from  the 
tiaroe  and  laid  at  once  upon  a  cold  surface.  Gradual  heating  and 
gradual  cooling  are  alik<?  necessary,  and  are  the  more  esseutial  the 
thicker  the  glosa ;  very  thin  glaas  will  aometunea  bear  the  most  sudden 
changes  of  temperature,  but  thick  glass  and  glnaa  of  uneven  thiekuesa 
abfiotately  require  slow  heating  and  annealing.  When  the  end  of  a 
tube  is  to  be  heated,  afi  in  rounding  sharp  edges,  more  care  is  required, 
in  consequence  of  the  great  facility  with  which  cracks  start  at  an  edge. 
A  tube  should  therefore  always  be  brought  first  into  the  cunent  of 
hot  air  beyond  the  actual  flame  of  the  gas  or  spirit-lamp,  and  there 
thoroughly  warmed  before  it  ia  introduced  into  the  flame  itself.  If 
a  bLiiit'-lamp  is  employed,  the  tnbe  may  be  warmed  in  the  smoky 
flame,  before  the  bla^t  is  turned  on,  and  may  subsequently  be  annealed 
in  the  same  manner ;  the  deposited  soot  will  be  burnt  off  in  tht>  first 
instance,  and  in  the  last  may  be  wiped  off"  when  the  tube  is  cold* 
In  hortting  a  tube»  whether  for  bending^  drawing,  or  closing,  the  tube 
mujit  be  mmtantly  turned  between  the  fingers,  and  also  moved  a  little 
to  The  riglit  and  left,  in  order  that  it  may  be  uniformly  heated  all 
round,  and  that  the  temperature  of  the  neighboring  parts  may  be  duly 
raised.  If  a  tube,  or  rod,  is  to  be  heated  at  any  part  but  an  end,  it 
should  be  held  between  the  thumb  and  flrst  two  fingers  of  each  hand 
in  such  a  manner  that  the  hands  shall  be  below  the  tube  or  rod,  with 
the  palm^  upward,  while  the  lamp- flame  i*»  between  the  hands.  Wljen 
the  end  of  a  tube  or  rod  is  to  be  hented,  it  is  best  to  begin  by  warming 
the  tub©  or  rod  about  2  cm.  from  the  end,  and  thence  to  proceed  slowly 
to  the  end. 

The  best  glass  will  not  be  blackened  or  discolored  during  heating. 
The  blackuuing  occurs  in  gla.**s  which,  like  ordinary  flint  glass,  con- 
tains oxide  of  lead  as  an  ingredient  Glass  containing  much  of  this 
oxide  is  not  well  adapted  for  chemical  uses.  The  blackening  may 
sometimes  be  removed  by  putting  the  glaas  in  the  upper  or  otiter  park 
of  the  flame,  where  the  reducing  gases  are  consumed,  and  the  iur  has 
the  best  access  to  the  glass.  The  blackening  may  be  altogether  avoided 
by  always  keeping  the  glass  in  the  oxidiiing  part  of  the  flame. 

Gloss  begins  to  soften  and  bend  below  a  visible  red  heat  The  con- 
dition of  the  gla"^  is  judged  of  as  much  by  the  fingers  as  the  eye ;  the 
hands  feel  the  vielding  of  the  glass,  either  to  blinding,  pushing,  or 
puiUng,  better  than  the  eye  can  see  the  change  of  color  or  form.     It 
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may  be  bent  as  soon  aa  it  yitlda  in  the  hands,  but  oan  be  ^mwn  aot 
only  wbeu  much  hotter  than  thi^  Gluiw  tubing,  however,  ^boutd  not 
be  bent  at  too  low  a  t^mpiratiir** ;  th«  ciirvea  made  at  too  low  a  heat 
are  apt  to  be  flattened,  of  uDeqiml  thiokDesa  on  the  convex  and  coocava 
sides,  and  brittle. 

In  bending  tubing  to  make  gas-deliTery*tubea  and  the  likc*«  atteotioD 
ahouM  be  paid  to  the  following  points :  1st,  the  glasa  should  he  equally 
hot  on  all  sides ;  2od,  it  should  not  be  twisted^  pulled  out,  or  pushed 
together  duriujy^  the  heating;  3rd,  the  bore  ol'  the  tube  at  the  b»5nd 
should  be  kept  round,  and  not  altered  in  size ;  4th»  if  two  or  mor© 
bendB  be  made  in  the  same  piece  of  tubing  (Fig.  III.,  a)^  they  abouU 
all  be  in  the  same  plane,  so  that  the  finished  tube  will  lie  flat  upon  the 
level  table. 

When  a  tube  or  rod  is  to  be  bent  or  drawn  — ,     --— 

dose  to  its  extremity,  a  temporary  handle  may  - 

be  attat-'hed  to  it  by  softening  the  end 
tube  or  rod,  and  pressing  againf?t  the  soft 
a  fratfment  of  glass  tube,  which  will  adhei^ 
strongly  to  the  softened  end.  The  handle  may  ** 
aubseqiiently  be  removed  by  a  slight  blow^  or  by  the  nid  of  a  file.  If  a 
considerable  bend  t«  to  be  made,  so  that  the  angle  between  the  anua 
will  be  Tery  ismall  or  nothing,  as  in  a  siphon,  for  examph*,  th«  tfurva* 
ture  cannot  be  well  produced  at  one  place  in  the  tube,  but  nbodd  ha 
made  by  heating,  progressively,  several  centimetreB  of  the  tuhi',  and 
bending  continumsly  from  ouw  end  of  the  heated  povtioa  to  tIkt  other 
(Fig.  111.,  b).  Small  and  thieli  tube  may  be  bent  moj'e  Hharply  thun 
large  or  thin  tube. 

In  order  to  draw  a  glass  tube  down  to  a  finer  bore,  it  if  htmpty 
necessary  t^^  thoroughly  soften  on  all  side^  one  or  twti  centimi^tre^ 
length  of  the  tube,  and  then,  taking  the  glass  from  the  flame,  pull  th« 
parta  asunder  by  a  cautious  movement  of  the  hands.  The  lar^nr  tli« 
heated  portion  of  glass,  the  longer  will  be  the  tube  thus  formmL  Ica 
length  and  linenesa  also  increase  with  the  rapidity  of  motion  of  ih* 
hands.  If  it  is  desirable  that  the  finer  tube  should  havo  thicker  walk 
in  proportion  to  its  bore  than  the  original  tube,  it  is  only  uecttaaan-  lo 
keep  the  heated  portion  soft  for  two  or  three  minutes  beforij  dr«iwiag 
4>iit  the  tubt»,  pressing  the  parts  i^lightly  together  the  while,  liy  tbii 
process  the  glass  w  ill  bo  thickened  at  the  hot  ring. 

To  oblJiTii  a  tube  closed  at  one  end,  it  is  best  to  take  n  pifr^of 
tubing,  f>pen  at  both  ends,  and  long  enough  to  make  two  ». 

In  the  middle  of  the  tube  a  ring  of  glass,  as  narrow  aa  poii>:       .  b« 

mjide  thoroughly  soft     The  hands  are  then  separated  a  littlis^  to  cttunf 
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a  contraction  in  dmmeter  lit  tlie  Hot  and  soft  part.  The  point  of  the 
flame  must  now  he  directed,  not  npon  the  ijarrowe.<»t  part  of  the  tube, 
bttt  upon  what  is  to  be  the  bottom  of  the  closed  tube,  TJiia  point  in 
Indicated  by  the  line  a  in  Fig.  IV,  By  with- 
dmwtng  the  right  hand,  the  narrow  part  of 
the  tui)e  is  attenuated,  and  finally  merited  off, 
leaving  both  halves  of  the  original  tube  closed 
at  one  end,  but  not  of  the  saiue  form ;  the 
right-hand  half  ia  drawn  out  into  a  long  point, 
the  other  is  more  roundly  closed.  It  is  not  possible  to  close  hand- 
Boniely  the  two  pieces  at  once.  The  tube  is  seldom  perfectly  finished 
by  the  operation ;  a  miperlluous  knob  of  ghsn  generally  remAins  upon 
the  end.  If  small,  it  may  be  got  rid  of  by  heating  the  whole  md  of 
the  tul>e,  and  blowing  moderately  with  the  mouth  into  the  open  end. 
The  knob,  hein^  hotter  and  therefore  fiofter  than  any  other  part,  yielda 
to  the  preewure  from  -within,  spreads  out  and  disappears.  If  the  knob 
is  largtt,  it  may  be  cut  off  with  scissor*  while  red-hot»  or  drawn  off  by 
•ticking  to  it  a  fragment  of  tube,  and  then  softening  the  glass  above  the 
junction.  The  smuw  process  may  be  applied  to  the  too  pointed  end  of 
the  right-hand  hnlf  of  the  original  tube,  or  to  any  misshapen  result  of 
an  unsuccessful  attempt  to  close  a  tube,  or  to  any  bit  of  tube  which  ia 
too  short  to  make  two  closed  tube^.  When  the  dosed  end  of  a  tube 
Is  too  thin,  it  may  be  strengthened  by  keeping  the  whole  end  at  a  red 
heat  for  two  or  three  roinutea,  turning  the  tube  constantly  between 
the  fiogers*  It  may  be  iaid  in  general  of  all  the  prere^iing  op*rati<MiH 
before  the  lamp,  that  success  depends  nn  keeping  the  lube  to  be  heated 
in  constant  rotation^  in  order  to  secure  a  uniform  temperature  on  all 
Bides  of  the  tube. 

4.  Blotrttit/  htlhs  and  pitrcing  Jtofee  m  tvhing, — If  the  bulb  desired 
]0  large  in  proportion  to  the  sixe  of  the  tube  on  which  it  ia  to  be  made, 
the  walls  of  th*e  tube  must  be  thickened  by  rotation  in  the  flame  before 
the  bulb  can  be  bhiwn.  If  the  bulb  is  to  be  blown  in  the  middUi  of  a 
piece  of  tubing,  this  thickening  is  effected  by  gently  pressing  the  coda 
of  the  tube  together  while  the  gla^  is  red-hot  in  the  place  where  the 
bulb  is  to  be  ;  if  the  bulb  is  to  be  placed  at  the  end  of  a  tube,  this  end 
is  first  clo&ed^  and  then  suitably  thickened  by  pressing  the  hot  gla^e  up 
with  a  piece  of  metal  until  enough  has  been  accumulated  at  thi>  end. 
The  thickened  portion  of  glass  is  then  to  be  heated  to  a  cberry-r\'d, 
raddenly  withdrawn  from  the  flame,  and  expnndvd  while  hot  by 
steadily  blowing,  or  rather  pivFiiTng  air,  into  the  tube  with  the  mouth  ; 
the  tube  must  be  constnnJly  tuni«^d  on  it-  avis,  not  only  whil<*  in  the 
flame^  but  also  while  the  bulb  ia  being  blown.     If  too  ttltong  or  too 


Hit  d den  a  press  are  he  exerted  with  the  month,  the  bulb  will  Im> 
tremelv  thin  «nd  quite  iweb'sa.  By  watching  the  eitpandingr  ?li«8,  tha 
proper  moment  for  juTt^ting^  the  pressure  mn}'^  iwimlly  h#*  d44»»miinwL 
It  the  bulb  obtained  be  not  large  enotigh^  it  may  be  reheated  and  «»n- 
Inrfred  by  blowing  into  it  again,  provided  that  a  solEdeni  tbickucat  ol 
glass  remain* 

It  13  fiometimes  neceaaaiy  to  make  a  hole  in  the  side  of  a  tub©  or 
othor  thin  glasa  apparatus.  This  may  be  done  by  directing^  a  pointed 
flame  tmm  the  bljv^t-lftmp  upon  the  place  where  the  hole  is  to  ba^ 
until  a  small  spot  is  red-hot,  and  then  blowirigr  forcibly  into  on©  end 
of  the  tube  while  the  other  end  ib  cloi^ed  by  the  linger ;  at  the  hot  «pat 
the  g-lass  ia  blown  out  into  a* thin  bubble,  which  bursts  or  may  be  oadlj 
broken  otf,  leaving  an  aperture  in  the  side  of  the  tube. 

It  ia  hoped  that  these  few  directions  will  enable  th*^  attentive  stiMltOl 
to  perform,  sulfieiently  well^  all  the  manipulations  with      p-     -^ 
g^osii  tubes  which  ordinary  chemical  experiments  require. 
Much  prfttitii'e  will  alone  give  a  perfect  mastery  of  the 
details  of  glass-blowing. 

5.  Lampa. — The  common  glasa  spirit-lamp  will  be  under- 
stood without  description  from  the  figure  (Fig,  V.)*    This 
lamp  does  not  give  heat  enough  for  most  ignitions;  for 
auch  purposes  a  lamp  with  circular  wick,  of  some  on©  of 
the  niimerons  forms  sold  under  the  name  of  Ber/.elius'« 
Argand  Spirit  Lump  (Fig,  VI,),  ia  necessary.     The?e  arg^ond 
are  usurUv  mounted  on  a  lamp- 
stand  provided  with  three  brass 
rings;  but  the  fittings  of  these 
lamps  are  all   made  slender,  in 
order  not  to  carry  off  too  much 
heat.     ^\Tien  it  ia  necessary  to 
hent  heavy  vessela,  other  support* 
mu.«t  be  used. 

Whenever  gas  can  be  ubtained| 
jras-lamps  are  greatly  to  be  pre- 
ferred to  the  best  spirit-himps. 
For  all  common  chemical  experi- 
ments, except  a  few  for  which  ig- 
nition* tub<*s  must  be  prepared  or 
in  which  con.^iderable  lengths  of 
ttd)inji  must  he  heated,  the  gas- 

kmp  known  as  Bun^en's  burner  is  the  best  lamp.     The  eJii^ap6«l  m^ 
btssi  construe tion  of  this  lamp  may  be  learned  iiom  tb(»  follovrln^ 
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description  with  the  accompaoying  figures.  (F\g.  VH.)    The  single 
castiDg  of  brass  a  b  comprises  the  tube  b  through  which  the  gas  enterS| 


Fig.  VIL 


and  the  block  a  from  which. the  gas 
escapes  by  two  or  three  fine  vertical 
holes  passing  through  the  screw  d,  and 
issuing  from  the  upper  face  o{  d,  as 
shown  at  e.  The  length  of  the  tube 
b  is  4*5  cm.  and  its  outside  diameter 
varies  from. 0*5  cm.  at  the  outer  end 
to  1  cm.  at  the  junction  with  the 
block  a.  The  outside  diameter  of  the 
block  a  is  1*(5  cm.,  and  its  outside 
height  without  the  screws*  is  1*8  cm. 
By  the  screw  e,  the  piece  a  6  is  at- 
tached to  the  iron  foot  g,  which  may  be  6  cm.  in  diameter.  By  the 
screw  dy  the  brass  tube /is  attached  to  the  casting  a  b.  The  diameter 
of  the  face  e,  and  therefore  the  internal  diameter  of  the  tube/,  should 
be  8  m.m.  The  length  of  the  tube/  is  9  cm.  Through  the  wall  of 
this  tube,  four  holes  5  m.m.  in  diameter  are  to  be  cut  at  such  a  height 
that  the  bottom  of  each  hole  will  come  1  m.m.  above  the  face  e  when 
the  tube  is  screwed  upon  a  b.  These  holes  are  of  course  opposite  each 
other  in  pairs.  The  finished  lamp  is  also  shown  in  Fig.  VII.  To 
the  tube  b  a  caoutchouc  tube  of  5  to  7  m.m.  internal  diameter  is  at- 
tached ;  this  flexible  tube  should  be  about  1  m.  long,  and  its  other 
extremity  should  be  connected  with  the  gas-cock  through  the  inter- 
vention of  a  short  piece  of  brass  gas-pipe  screwed  into  the  cock. 
In  cases  where  a  very  small  flame  is  required,  as,  for  example,  in  eva- 
porating small  quantities  of  liquid,  a  piece  of  wire  gauze  somewhat 
larger  than  the  opening  of  the  tube/  should  be  laid  across  the  top  of 
the  tube,  aUd  its  projecting  edges  pressed  down  tightly  against  the  sides 
•f  the  tube  before  the  lamp  is  lighted.  In  default  of  this  precaution 
the  flame  of  a  Bunsen's  burner,  when  small  and  exposed  to  currents  of 
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air,  is  liable  to  pass  down  the  tube  and  ignite  the 
gasat  <f. 

A  lamp  to  give  a  powerful  flame  8  or  10  cm.  long, 
saitable  for  heating  tubes,  may  be  very  simply  con- 
structed by  boring  two  holes,  entering  the  side  and 
issuing  at  the  upper  face,  through  a  block  of  compact 
hard  wood,  10  cm.  by  6-5  cm.  by  6'5  cm.,  and  tit- 
ting  short  pieces  of  brass  tubing  into  the  holes  so 
formed.  To  the  tubes  at  the  side  are  attached  the 
caoutchouc  tubes  which  deliver  the  gas,  and  from  the  tubes  at  the  top 
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tlio  g83  issues  un>lor  a  sheet-iron  funnel  dosed  ftt  ilit^  top  witb 
gnuze.  Above  this  ^auze,  the  mixture  of  ^ne  and  fdr  is  k»  Ix?  lipLled. 
The  iron  fimnel  will  hv  retwJily  understood/ram  thencconipanving:  tJsrui^ 
and  the  following  diraenflious: — Length  of  the  wire  gmi/e  10  cjil; 
width  of  the  gsmze  5  cm, ;  width  at  ab  U  cm, ;  Ijei^jfht  of  th^  Hiw  flA 
&om  the  table  8*5  cm. ;  whole  heijifht  of  the  funnel  ^1  cm.  X  par- 
tition paraUel  to  a  5  divides  the  funnel  into  two  eq^uid  piurt«  from  the 
gauze  to  the  levtd  of  a  b. 

6.  Biattt'lampH  and  Blowers. — For  drawiop^  bending,  and  f  losing  kr^^ 
glass  tiibe^,  a  bladt-lamp  is  necetfAary,  The  bust  form  b  that  »i4d  \indrf 
the  name  of  Bunsen*s  Gas  Blowpipe.  It«  coni^tnintion  and  tlic  nicrlbod 
of  using  it  may  be  learned  iiom  Fig,  IX« ;  a  h  ia  the  pipe  Ikioai^ 

^  Fig.  X. 
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which  the  gais  enters,  e  is  the  tube  for  the  blu^t  of  air ;  the  relation  of 
the  air-tube  to  the  external  gaa-tnbe  i&  shown  at  d\  tber>>  i»  tm  outtt 
iliding  tube  by  which  the  form  and  volume  of  the  fliuu<»  can  bt 
regxilated. 

If  ga^  19  not  to  be  hfld»  a  lamp  burning  oil  or  naphtha  ni 
ployetl.     Fig»  X.  repre«t?u(it  a  common  tin  glassblowor'*  Un 
fur  burning  oiL    A  krgo  wick  ia  essendali  whether  oil  or  nafitiiiia  W 
the  combustible. 

For  every  blast-lamp  a  blo\Hng-machine  of  some  sort  i«  ttor^ 

Tft  supply  aconrtant  blaat  it  is  ea^^ntial  that  tho  Ik^Uow*  be  u,  

onst ruction  calltd  double.    Figs.  XI.  and  XII.  repn^ent  two  inmu 
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of  blowpipe-table ;  tbeir  Leigbt  is  that  of  an  ordinary  table,  from 
which  dimension  the  other  proportions  may  be  inferred.  A  small 
double-acting  bellows  is  now  made  for  the  use  of  dentists,  which  is 
available  at  any  table  by  the  help  of  a  caoutchouc  tube  to  conduct  the 
blast  to  the  jet.  These  bellows  are  too  small  to  give  a  steady  flame 
of  large  size,  but  will  nevertheless  answer  for  most  of  the  glass- 
blowing  neceesaiy  in  the  execution  of  the  expeiiments  described  in 
thismanuaL 

Where  an  abundant  supply  of  water  is  at  command,  the  following 
blowing  apparatus  is  very  convenient.    A  tin  pipe,  a  b  (Fig.  XUI.), 
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about  one  metre  long  and  about  18  m.m.  in  diameter,  has  two  smaller 
pipes,  12  to  16  cm.  long,  soldered  into  it;  these  small  pipes  are  8  m.m. 
in  diameter ;  one,  cd,\3  inserted  at  right  angles  12  cm.  from  the  end, 
the  other,  e/,  2*5  cm.  lower,  at  an  angle  of  45°.  The  lower  end  of 
the  tube  passes  through  the  cork  of  a  wide-mouthed  five-litre  bottle, 
extending  rather  more  than  halfway  down.  Two  glass  tubes  also 
pass  through  the  cork  of  the  bottle — a  short  small  tube  j/,  No.  4,  which 
should  reach  some  16  cm.  above  the  cork,  but  should  not  project  into 
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the  IjotUe,  and  »  larger  tube  h^  No.  2,  extending  to  the  bottom  of  I 
bottle-  The  outor  end  of  the  tube  h  bends  over  and  is  coiiut-cttjd  hf 
caoutchouc  tubing'  with  a  *trait;ht  tube  of  eq^ual  diomet«'r.  Tliu  Wl 
arr«ngenieiit  forms  the  siphon.  To  the  tube  g  a  caoutchouc  tubt%  y  i, 
18  attached  to  convey  the  blajst  to  any  desired  point.  To  producw  a 
Maat,  the  wat4^r-cock  ia  connected  with  the  tube  c  d  by  luejuifi  of  a 
caoutchouc  tube.  When  the  water  is  turned  on,  the  caoutchouc  tube 
ffi  is  closed  for  a  moment  with  the  thumb  and  finger.  This  starta  th» 
water  through  the  siphon^  and  immediately  a  continuous  and  [lowerfol 
blaat  of  «ir  rnshcB  out  through  the  tube  ff  i,  and  may  be  carried  duvcUy 
to  the  blowpipe.  The  siphon  muvst  be  capable  of  carrying^  off  a  lajpa' 
stream  of  wator  than  that  which  is  allowed  to  euter^  so  that  theri^  ahaU 
never  be  more  than  3  or  4  cm.  of  water  in  the  bottle.  By  it^giilatiiig 
the  water-cock,  the  proper  supply  of  water  may  be  determined. 

The  same  apparatus  may  be  used  as  an  aspirator.  When  the  iuAtru* 
ment  is  to  be  used  to  draw  air  through  any  apparatus^  the  tube  y  •  ii 
closed  by  inserting  a  glaas  rod ;  the  upper  end  of  the  tube  a  6  is  clost!<d 
with  a  cork,  and  the  tube  efia  connected  with  the  appaintua  through 
which  the  currt-nt  of  air  is  to  be  drawiL  The  force  of  the  cufwni 
of  air  b  to  a  certain  degree  allected  by  the  size  of  the  tube  ah;  ia 
diminish  the  effective  calibre  of  this  tube,  in  case  a  gentle  curnml  of 
air  is  reqidred,  a  glass  rod  as  long  as  tho  tube  may  be  pasaed  d*>wn 
the  tulx^  through  a  cork  inserted  at  a.  The  same  apparatus  xuay  thus 
be  made  to  produce  a  gentle  or  a  powerful  current  of  air» 

7.  Ctioutchoitc. — Vulcanized  ca*JUtchouc  is  a  most  tL^ful  substftiicc 
in  the  iKlujmtorj,  on  account  of  it«  elasticity  and  because  it  nsteista so 
well  most  of  the  corrosive  substances  with  which  the  chemist  dt^alk 
It  is  used  in  three  forms: — (1)  in  tubing  of  various  diameters  com* 
parable  with  the  sizes  of  glass  tubing;  (2)  in  stoppers  of  various  fdsdi 
to  replace  corks ;  (3)  in  shoets.  Caoutchouc  tubing  may  be  used  10 
conduct  all  gases  and  liquids  which  do  not  corrode  its  substance,  pn»> 
Tided  that  the  pressure  under  which  the  gas  or  liquid  flown  b«  not 
greater  or  ita  temperatu IV  higher  than  the  texture  of  thr  to 

endure.    The  flexibility  of  the  tubing  is  a  very  obvioui  m\  .  i  a 

great  variety  of  cases.  Short  pieces  of  such  tubingi  a  few  ct^ntuuetni 
in  length,  are  much  used,  under  the  name  of  connectors,  to  maka 
fiexible  joints  in  apparatus  of  which  glass  tubing  forms  part ;  flt^xlbta 
joints  add  greatly  to  the  durability  of  such  apparatus,  because  long 
gltu^is  tubes  bent  at  several  angles  and  connected  with  heavy  ubjt^ta, 
like  globes,  bottles,  or  flasks  fill  of  liquid,  are  almost  certain  to  htvuk 
even  with  the  moat  carotul  usage;  gas-deli  very -tubes,  and  all  con- 
fide table  lengths  of  ghias  tubing,  should  invariably  be  dividcKl  at  one  ot 
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more  places*  and  the  pieces  joined  again  vnih  cuoutchouc  connectore. 
The  ends  of  glnss  tubing  to  be  tbua  connected  should  be  squiirely  cut, 
and  then  rounded  in  the  lamp,  in  order  that  no  eharp  edg^s  may  cut 
the  caoutchouc ;  the  internal  diameter  of  the  caoutchouc  tube  must  be  a 
little  smaller  than  the  external  diameter  of  the  glasd  tubes ;  the  slipping 
on  of  the  connector  La  lacilitatt^d  by  wetting  the  glaaa.  In  some  cases 
of  delicate  quantitative  xnanipuJations,  in  which  the  tightest  possible 
joints  must  be  secured,  the  caoutchouc  connector  is  bound  on  to  the 
glass  tube  with  a  silk  or  smooth  liuea  string;  the  string  is  passed  as 
tightly  as  possible  twice  round  the  connector  and  tied  with  a  square 
knot;  the  strinor  should  be  moiiiteDed,  in  order  to  prevent  it  from 
slipping  while  the  knot  is  tying. 

Caoutchouc  stoppers  of  good  quality'  are  much  more  durable  than 
corks,  and  are  in  every  respect  to  be  preferred.  The  German  ato()pers 
axe  of  excellent  shape  and  quality ;  the  American^  beln^'  chietly  in- 
tended for  wine-bottleSj  are  apt  to  be  too  conicah  Caoutchouc  iijtoppera 
can  be  bored,  like  corks  (see  the  next  section),  by  means  of  suitable 
cutter.'^,  and  gloaa  tuU^s  can  be  fitted  into  the  holes  thus  made  with  a 
tightness  unattainable  with  corks,  German  stoppers  may  be  bought 
alrt'ady  provided  with  one,  two,  and  three  holes.  It  is  not  well  to  lay 
in  a  large  stock  of  caoutchouc  stoppers  j  for,  though  they  Inst  a  long 
time  when  in  constant  use,  they  not  infrequently  deteriorate  when 
kept  ID  store,  becoming  hard  and  somewhat  brittle  with  age.  These 
stoppers  must  not  be  confounded  with  the  vaiy  inferior  caps  which 
were  in  use  a  few  years  ago. 

Pieces  of  thin  sheet  caoutchouc  are  very  conveniently  used  for 
making  tight  joints  between  hirge  tubes  of  two  different  ai^es*,  or  be- 
tween the  neck  of  a  flnsk,  or  bottle,  and  a  large  tube  which  enters  it, 
or  between  the  neck  of  a  retort  and  the  receiver  into  which  it  enters. 
Asiitiidently  broad  and  long  piece  of  sheet  caoutchouc  is  considembly 
stretched,  wrapped  tightly  over  the  glass  parts  adjoining  the  aperture 
to  be  closed,  and  secured  in  place  bj  a  stni^  wound  closely  about  it 
and  tied  with  a  square  knot 

8.  Corks, — It  is  often  very  difficult  to  ohtain  sound,  elfuitio  corks  of 
fine  grain  and  of  size  suitable  for  large  flasks  and  wide-mouthed  battles* 
On  this  account,  bottles  with  mouths  not  too  large  to  be  closed  with  ft 
cork  cut  across  the  grain  should  be  chosen  for  chemical  uses,  in  pre- 
ference to  bottles  which  require  large  corks  or  bungs  cut  with  the 
grain,  and  thereforo  ottering  continuous  channels  for  the  passage  of 
gases,  or  even  liquids.  The  kinds  sold  as  champagne-corks  and  at 
Mtin  corks  for  phials  are  suitable  for  chemical  use.  The  beat  corks 
generally  need  to  be  softened  before  using;  this  BofteniiLg  may  be 
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effected  by  Tolling  the  cork  under  a  board  upon  tbe  table,  or  tmdi*r  tlie 
foot  upon  the  clean  flooPt  or  by  giently  pqueezing-  it  on  nU  ddea  with 
the  well-known  tool  eacpressly  -adapted  for  tliis  pi^rpost^  nnd  tbeoM 
called  a  cork-squeezer.     Steaming  also  softens  the  hardeuRt  oorki^ 

CorkB  must  often  be  cut  with  cleanness  and  precision ;  a  dbarpv  tEin 
knife^  8uch  as  shoemakers  use,  ia  desirable  for  this  purp(y^\  Wliwj  a 
cork  has  been  parwd  down  to  reduce  its  diameter,  a  Hat  tile  mat  \m 
employed  in  tinishing;  the  file  must  be  tine  enough  to  leave  a  amootli 
mirfaee  ripon  the  cork ;  in  tiling  a  cork,  a  cylindrical,  not  a  ^nynWl 
form  fihoiild  be  aimed  at. 

In  boring  holes  through  corks  to  receive  glass  tnlie«,  n  liollow 
cylinder  of  sheet  brass  sharpened  at  one  end  is  a  \i}Ty  convenient  tooL 
Fig.  XrV.  represents  a  set  of  such  little  cylinders 
of  graduated  sizes,  slipping  one  within  the  other 
into  a  very  compact  form ;  a  stout  wire,  of  the 
name  length  as  the  cylinders,  accompanies  the 
set,  and  serves  a  double  purpose.  Passed  trans- 
veisely  through  two  holes  in  the  cap  which  ter- 
ininat4?s  each  cylinder,  it  gives  the  hand  a  better 
gnu^  of  the  tool  while  penotniting  the  cork ;  and 
when  the  hole  is  made,  the  wire  thrust  through 
an  opening  in  the  top  of  the  cup  expels  the  little 
cylinder  of  cork  which  else  would  rt^main  in  the 
cutting  cylinder  of  hraaA.  That  cutter  whose 
diameter  u  next  below  that  of  the  glass  tube  to 
be  inserted  in  the  cork  is  always  to  be  selected  ; 
and  if  the  hole  it  makes  'i»  too  small,  a  round  file 
must  be  used  to  enlarge  the  aperture ;  the  round 
file,  al^o,  often  comes  into  play  to  smooth  the  rough  sides  of  a  hole  ina< 
by  a  dull  cnrk-borer.  Cutters  which  have  been  dulled  by  itfk^  nmv 
sharpened  by  tiling  or  grinding  dowu  their  outer  btjvelled  edgin  and 
then  paring  off  any  protuberjvnce  or  rough nc-^s  which  way  n^inato 
upon  the  inside  of  the  edge  with  a  sharp  penknife,  A  pair  of  small 
callipers  is  a  very  convenient,  though  by  no  means  eseential  tool  b 
determining  which  size  of  cutter  to  employ.  A  fhisk  wliich  prv^cnta 
aharp  or  rough  eilge^  at  the  mouth  can  seldom  be  tightly  corked,  for 
the  cork  cannot  be  introduced  into  the  neck  witliout  being  cut  or 
roughened;  such  sharp  edgps  mu4)t  bt^  roimdf^d  in  the  him  p.  Til 
thrusting  ^i^la^s  ttibeH  thnnigb  bored  corks,  the  following  diiertjons  am 
to  be  observed: — (1)  The  end  of  the  tube  mu«t  nit  pre-imt  a  ^harp 
edgt!  capable  c»f  cutting  th«?  cork.  (2)  The  tube  sh<  uld  b«?  granpf-d 
?©ry  cloae  to  the  cork,  in  oilier  to  ewape  outtmg  the  hand  which  bolUj 
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tbe  corkj  ehotild  the  tube  break;  hy  observing  this  precaution  the 
chief  cnuse  of  breakage^  viz.  irregular  lateral  pressure,  will  be  at  the 
same  time  avoided.  (3)  A  funnel-tube  must  never  be  held  by  the 
funnel  in  driving  it  through  a  cork,  nor  a  bent  tube  grasped  at  the 
bcud|  unless  the  bend  comes  immediately  above  the  cork«  (4)  U  the 
tube  goes  very  hard  through  the  cork,  the  application  of  a  little  soap 
and  water  will  facilitate  its  passage  ;  but  if  soap  is  used  the  tube  can 
seldom  be  withdrawn  from  the  cork  after  the  latter  has  become  dry. 
(5)  The  tube  must  not  be  pushed  straight  into  the  cork,  but  screwed 
in,  as  it  were,  with  a  slow  rotary  as  well  as  onward  motion.  Joints 
made  with  corks  should  always  be  tested  before  the  appiiratitji  is  used, 
bj  blowing  into  the  apparatus  and  at  the  same  time  stopping  up  all 
Intimate  outlets.  Any  leakage  is  revealed  by  the  disapi>earanc©  of 
the  pressxue  created.  To  the  same  end,  air  may  be  sucked  out  oi  an 
apparatus  and  its  tightness  proved  by  the  permanence  of  the  partial 
vacuum.  To  attempt  to  use  a  leaky  cork  is  generally  to  waste  time 
and  labor  and  to  insure  the  failure  of  the  eicperiment.  When,  how* 
«ver»  a  leak  is  only  discovered  during  the  actual  progress  of  the  expo* 
rimonti  it  is  sometimes  possible  to  save  the  experiment  by  using  a 
lute  f  for  this  purpose  wax  applied  with  a  warm  Imife,  or  a  paste  made 
cf  rye-meal  and  water  may  be  used;  common  sealing-wax  also  is 
sometimes  a  useful  makeshift 

9,  Iron  Standi  Sand-bathf  and  Wire  Gauze, — To  support  Tessels  orer 
the  gas-lamp,  an  iron  stand  is  used  consisting  of  a  stout  vertical  rod 
fieistened  into  a  beayy  cast-iron  foot,  and  three  iron  rings  of  graduated 
sixes  secured  to  the  vertical  rod  with  binding-screws ;  all  the  rings  may 
be  slipped  off  the  rod^  or  any  ring  may  be  adjusted  at  any  conveoient 
elevation.  The  general  arraQgement  is  not  unlike  that  of  the  stand 
which  makes  part  of  the  Beraelius  lamp  (I'lg,  VL),  although  simpler 
and  cheaper.  As  a  general  rule,  it  is  not  best  to  apply  the  direct 
flame  of  the  lamp  to  glass  and  porcelain  vessels ;  hence  a  piece  of 
wire  gauze  is  stretched  loosely  over  the  largest  ringi  aud  bent  down- 
wards a  little  for  the  reception  of  round-bottomed  vesst^U ;  on  this 
gauze,  flasks,  retorts^  and  porcelain  dishes  are  usually  supported,  la 
a  few  cases j  in  which  a  \&ey  gradual  and  equable  heat  is  required,  the 
wire-gsu2e  i^  replaced  by  a  small  shallow  pan,  beaten  out  of  sheets 
iron,  aud  filled  vnih  dry  sand.  This  arrangement  is  called  a  sand-bath* 
With  the  aid  of  annealed  iron  wire,  the  iron  stand  may  be  made  avail- 
able for  supporting  tubes  over  the  lamp.  Crucibles,  or  dishes,  too  fmall 
for  the  smallest  ring  belonging  to  the  stand,  are  conveniently  suppoj-ted 
on  an  equilateral  triangle  made  of  three  pieces  of  soft  iron  wire  twisted 
together  at  the  apices ;  this  triangle  is  laid  on  one  of  the  rings  of  the 
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stand.  An  iron  tripod  (that  is,  a  stout  ring  snpporfed  on  tSiree 
legs)  may  often  be  used  instead  of  the  stand  aboTe  described ;  bat 
it  is  not  so  generailj  useful,  because  of  tbe  difficulty  of  adjusting 
it  at  various  heights;  with  a  sufficiency  of  wooden  blocks  wherewith 
to  raise  the  hunp  or  the  tripod  aa  occasion  may  require^  it  nay  be 
made  available. 

10.  IVuumatie  Ttouffk. — The  poeuniatie  trough  it  a  oontziranee 
which  enables  us  to  collect  and  confine  gases  in  suitable  Teasels,  and 
to  decant  them  from  one  vessel  to  another.  Its  efficiency  depends  on 
the  pressure  oi  the  atmosphere,  which,  as  we  know,  is  capable  of  sup- 
porting a  column  of  water  10*33  metres  long  or  a  column  of  meremy 
76  cm.  long  (see  {  7),  provided  that  the  liquid  colunm  be  so  arranged 
that  the  atmospheric  pressure  shall  be  fully  felt  upon  the  foot  of  the 
column,  but  not  at  all  upon  ita  head.  If  a  tube^  dosed  at  one  end 
and  open  at  tlie  other,  and  of  any  length  lesa  than  10*38  ol,  be  con- 
pletely  filled  with  water,  and  then  inverted  so  that  ita  open  end  shall 
dip  beneath  some  water  held  in  a  basin  or  saucer,  the  tube  wiU  remain 
full  of  water  when  the  thumb  or  corii,  which  closed  the  open  end  while 
the  immersion  was  effected,  \b  withdrawn.  What  is  true  of  a  tube  is 
equally  true  of  a  bell,  or  other  vessel  closed  at  one  end,  of  any  diameter 
or  shape,  provided  its  height  be  not  greater  than  10*33  m.:  and  the 
principle  which  applies  to  water  is  equally  applicable  to  mc-rcury, 
except  that  the  height  of  the  mercury  column  which  the  areiagie 
atmospheric  pressure  can  hold  up  is  only  76  cm.,  because  mercury  is 
13 '5(^3  times  as  heavy  as  water.  If  a  few  bubbles  of  any  gas  insoluble 
in  water  should  be  dflivered  beneath  the  open  end  of  a  tube,  or  bell, 
thuit  staudiug  full  of  water  in  apparent  defiance  of  gravitation,  the  ^:^ 
would  rise  to  the  top  of  the  tube,  by  virtue  of  being  lighter  than  the 
water,  and  the  exact  volume  of  water  displaced  by  the  gas,  small  or 
laige,  would  drop  into  the  basin  or  saucer  beneath.  If  the  gas  wtre 
thus  delivered  continuously  beneath  the  tube  or  bell,  we  should  finally 
get  the  tube  or  bell  full  of  gas.  without  admixture  of  air,  and  sealed 
at  the  bottom  by  the  water  in  the  basin  or  saucer.  If  mercury  were 
the  liquid,  the  operation  would  be  precisely  the  same,  except  as 
regards  tbe  h-.  i^ht  of  tiie  tube  or  belL  Even  thi<  difference  of  possible 
height  is  not  noticeable  in  practice,  because  bells  and  bottles  more 
than  oO  cjm.  hi^h  are  very  seldom  used  with  either  liquid.  On  account 
of  its  costlinos^.  mei\*unr  is  rarely  used,  unless  the  gas  to  be  collected, 
or  exprrimtrntid  upon,  be  soluble  in  water.  A  trough  for  mercury  is 
made  as  small  as  possible  for  the  same  reason.  It  is  obvious  that  the 
object  of  a  pneumatic  trough  may  be  accomplished  under  a  givat 
variety  of  forms.    Any  bucket  or  tub  with  a  Kang^ng  ahelf  i&  it  may 
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he  made  to  serve.    It  will  be  tufficieDt  to  deicnlM  two  conTenient 
forms  of  tbe  appar^u9i 

A  cbeiip  pneumiitic  trough  is  represented  in  Fig.  XV.     Its  raateriala 
ai?©  durable  and   its  capacity  autHcu>nt  fig,  XV. 

It  consista  of  two  piecea^  Ist,  a  stone* 
ware  pan,  about  SO  c.m«  m  diameter  on 
tlia  bottoflEi^  with  sides  alopiugalightly  out- 
wards and  rising  to  the  heig^bt  of  about  10 
cm.;  2nd,  a  deep  flower-pot  saucer  about 
15  cm.  in  diameter,  with  one  bole  bored 
throuf^b  the  middle  of  the  bottom^  and  a 
ee<!ond  arched  hole  nipped  out  of  ita  rim ; 
this  sftucer  is  inTcrted  in  the  pan.  If  thia 
aecond  piece  be  made  expressly  for  this  purpose,  it  sbould  be  mada 
about  5  cm.  high,  and  ita  interior  should  be  rounded  to  the  bole  in  tha 
centre,  while  the  outside  ia  left  flat  like  the  flower-pot  saucer.  For 
the  snucer  may  be  conveniently  substituted  two  slabs  or  blocks  of  any 
stone,  like  aoap^tone,  sandstone,  or  marble,  made  of  even  tliicUneai  and 
laid  aide  by  side  in  the  water-pan  with  an  interval  between  them  wliich 
permits  tbe  #ra»*deli very- tube  to  come  beneath  the  muulh  of  an  inverted 
bottle  or  cylinder  supported  on  the  two  blocks  over  the  interveuinj^ 
crack.  To  use  this  apparatua^  the  pan  is  filled  with  water  to  a  level 
about  3  cm.  above  the  top  of  the  inverted  aaucer ;  the  bottle,  cylinder, 
or  bell  which  is  to  receive  the  gas  is  completely  filled  with  water  from 
a  pitfher  or  water-cock,  then  doaed  with  the  hand  of  the  operator  or 
with  a  dat  piece  of  glasa  or  wood^  Inverted  into  the  pan^  and  placed 
<m  the  saucer  over  the  hole  in  ita  centre;  the  end  of  the  gn-i-deli very- 
tube  is  thrust  through  the  side  hole  in  the  saucer  j  and  the  gas,  rising 
through  the  centre  hole,  bubbles  up  into  the  bottle  or  cylindt*r  placinl 
to  receive  it  While  one  bottle  is  filhng  with  gas,  another  ia  made 
ready  Ut  replace  it ;  and  when  the  fiiat  is  full,  it  is  pushed  ofl*  the  centre 
hole  of  the  saucer,  and  the  second  bottle  b  brought  over  the  hole,  A 
bottle  full  of  gas  may  be  removed  firom  the  trough  by  alipplng  beneath 
the  mouth  of  the  bottle  a  shallow  plate  or  dish,  and  then  lifting  plate 
and  bottle  out  of  the  pan  together  in  such  a  manner  that  water  enough 
to  seal  the  mouth  of  the  bottle  shall  remain  in  the  plate.  The  gaa  in 
one  bottle  may  be  decanted  upwards  into  another,  by  filling  the  aecond 
bottle  with  water,  and  then  carefully  Inclining  the  bottle  containing  the 
gaa  so  aa  to  bring  ita  raouth  under  the  mouth  of  the  bottle  which  is 
fuU  of  water,  keeping  the  mouths  of  both  bottles  all  the  time  beneath 
ihe  surface  of  the  water  in  the  pan.  If  the  gas  which  baa  Ix'en  col<» 
lected  ia  heavier  than  aixj  a  bottle  of  it  may  be  withdrawn  ti'om  the 
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-wnter-pfiB  and  got  at  for  vse,  by  aimpljr  slipping  a  fiat  pier;e  of  glut  j 
WQciil  beneath  its  mouth  so  as  to  elo^e  it  rather  tightlr^  aod  th#0 
atanding  the  bottlf,  mouth  upward,  upon  the  table.  If  lb*  €ot>pr  V 
then  removed  from  the  bottle,  the  gaa  will  not  flow  out,  tbou^b  U  will 
slowly  diffiL^e  into  the  air.  As  the  water  with  which  the  bc»»<^i'  »  •^"' 
cylinders  are  filled  falls  into  the  pan  when  displaced  by  gas,  it  is  |  - 
that  the  pan  may  become  inconveniently  full  if  many  large  boMj»'«  nrn 
used;  thia  difficulty  must  be  remedi*^  by  dipping  water  out  of  the 
pan.  and  so  lestorin^  the  tnie  leveL 

Where  considerable  quantilies  of  gaa  are  frequently  to  be  bandlrd, 
and  large  resseb  are  therefore  necessarj,  a  large  apparatus^  ahown  in 
Fig.  XVI.,  ia  much  more  conve-  pjj-  XVL 

nient  thftn  the  small  pan,  which  ' 

BufficeB  for  nil  common  expeii- 
ments.  The  fonn  of  thi^  larger 
pneumatic  trough  and  the  mode 
of  using  it  will  readily  be  under- 
stood from  the  llgTii'e ;  the  depth 
imd  width  of  the  tank  or  well 
must  be  determined  by  the  eize 
of  the  bt'Ua  and  cyrmdcr^  which 
ai-e  to  be  sunk  in  it,  and  the  length  and  breadlh  of  the  shallow  part  or 
eholf  by  Ihe  number  of  bells  or  jars  of  gas  which  iire  likely  trt  bfl  III 
use  at  any  one  time.  The  deep  groove  in  the  shelt  permits  a  glam»  ar 
caoutchouc  tube  to  pass  without  compression  under  a  M\  whose  rim 
projects  over  the  groove.  Such  a  trough  is  best  made  of  xinc  or  3«id. 
It  is  very  convenient  to  have  it  fiunk  in  a  table,  and  pennanentlv  ^'- - 
Tided  with  a  water-cock  and  drain-pipe.  A  chief  merit  of  thih  \ 
ment  is  that  the  gla.^  vessels  used  can  be  filled  with  water  by  enriKiTjg- 
tbem  in  the  well  much  more  conveniently  than  firom  a  pitdicf  or 
water-cock. 

A  pneumatic  trough  for  mercury  may  be  made  either  of  wfK>d,  imn, 
or  atone.     For  all  common  uses,  it  is  very  well  cut  out  of  a  k 

of  compact  hard  wood,  which  will  not  split     Small  cylinci  in 

only  can  be  used,  and  the  well  of  the  trough  should  be  »CfK>pHi  out 
but  a  little  larger  than  the  bell  or  cylinder  selected,  with  it*  principal 
dimension  horijEontal,  and  its  bottom  curved  to  fit  the  cylindhciU  U?H 
wbich  is  to  be  laid  in  it  j  the  shelf,  too,  should  have  but  a  amall  Bjva, 
ftufficient  only  for  four  or  five  bells  of  3  or  4  cm.  diameter. 

In  using  a  pneumatic  trough,  of  any  construction  or  dim;    ' 
student  should  bo  on  his  guard  against  two  difliculttea  of  pOr 
fence — againat  the  mckwff  buck  of  the  liquid  in  the  trough  mtu  ilia 
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g«»-g^nerfttinff  ftpparatus,  and  against  the  leakage  sometimes  inducr^ 
by  the  pre-^Huro  crt^nted  by  thrusting-  the  j?»s-deli  very -tube  deep  under 
water  or  mercury*  The  tirst  of  these  diliiculdes  h  the  most  «#»riou«. 
When  the  flow  of  gas  from  a  heated  flask  or  tube  i^  suddenly  arrested, 
in  conseqUKiice  of  some  reduction  of  temperature,  or  from  any  other 
cauaei  it  often  happens  that  the  volume  of  gaa  in  the  generatlug  appa- 
fatnB  contiBcta,  and  the  cold  water  or  mercury  from  the  trough  rist- 8 
in  the  delivery-tube  to  fill  the  void ;  if  the  conti'action  is  so  conwdemble 
as  to  suffer  the  cold  li<iuid  to  penetrate  into  the  hot  flaak  or  tube,  an 
explosion  almost  inevita^dy  en^ue*,  which  fractures  the  app^iratu.^^  if  it 
.^dom  no  worae  damage.     In  collecting  over  water  a  gad  somewhat  solu^ 

I  in  that  liquid,  this  danger  is  especially  imminent  The  occurrf^ce 
of  such  accidents  may  be  eflectualiy  guarded  against  by  pajnng  att**n- 
tion  to  the  following  directions : — (I)  Whenever  it  is  proposed  to  utop 
an  evolution  of  gas  which  has  been  going  on  from  a  hot  fla?k  or  tube, 
withdmw  the  delivery-tube  from  the  water  btfore  extinguishing  the 
lamp,  and  shake  ofl'  from  the  bent  end  of  the  tube  the  drops  of  water 
which  are  apt  to  adhere  to  it ;  the  lamp  may  then  be  safely  put  out, 
for  air  can  enter  the  apparatus  through  the  open  tube.  (2)  When  the 
flow  of  gas  finom  a  hot  apparatus  is  observed  to  !*lacken|  watch  cloaely  the 
escape  of  the  gas  from  the  delivery-tube,  and  as  Boon  as  any  tendency 
to  reflujE  of  water  is  detected,  lift  the  delivery-tube  quickly  out  of  the 
water,  or,  better,  slip  off  the  caoutchouc  connector,  which  should  always 
be  found  between  the  flask  and  the  water-pan  on  every  such  piece  of 
apparatus;  if  there  be  no  connector,  the  cork  must  be  looseued  in  the 
neck  of  the  flask.     Air  will  thus  be  admitted  to  the  hot  flask  or  tube. 

The«e  precautions  apply  more  particularly  to  the  cases  where  gna  is 
evolved  from  drj^  materiab,  as  in  making  oxygen  or  nitrotis  oxide ; 
when  a  liquid  is  contained  in  the  generating  flaak,  a  safety-tube  is  a 
aure  protection  against  the  danger  of  sucking  back.  The  atmospheric 
pressure  can  force  air  into  a  flask,  in  which  a  partial  vacuum  has  been 
created,  through  the  safety-tube,  by  lifting  and  displacing  a  colunm  of 
the  Liquid  whose  height  is  the  length  of  that  portion  of  the  &afety-tube 
which  dips  beneath  the  liquid.  Unless  the  liquid  in  the  fla^k  be  extra- 
ordinarily dense,  the  force  required  to  do  this  will  be  verj^  much  IcM 
than  that  required  to  lift  a  column  of  water  whose  height  is  detenuiutd 
by  the  elevation  of  the  highest  point  of  the  delivery-tube  above  the 
level  of  the  water  in  the  pan.  ^ 

W^hen  the  gas  coming  from  the  generating  flask  has  to  forc^  out  and 
keep  out  of  the  delivery-tube  a  column  of  water  measured  from  the 
lowest  point  of  the  tube  to  the  Hurface  of  the  water  in  the  pan,  a  prea- 
fltize  dtttcrmiued  by  the  height  of  this  coluum  is  est&bli&hed  upon  thA 
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interior  of  the  flask  and  upon  every  joint  of  the  appaxatos.  Henea  an 
apparatus  will  sometimes  leak,  and  refuse  to  deliver  gas  at  the  denied 
point,  when  its  delivery-tube  is  deeply  immersed,  while  it  doee  not 
leak  if  the  tube  merely  dip  beneath  the  surface  of  the  water.  With 
mercury  the  pressure  of  a  few  centimetres  is  very  considerable,  on 
account  of  the  high  specific  gravity  of  the  fluid,  so  that  this  difllcnlty 
is  more  likely  to  occur  with  this  metal  than  wilji  water.  Tight  jointa 
prevent  the  occurrence  of  this  difficulty.  A  partial  remedy  is  to  dip 
the  delivery-tube  as  little  m  po^ble  below  the  surface  of  the  fluid  in 
the  trough. 

1 1.  Oa^-holden, — ^A  small  gaa-holder,  very  convenient  for  nuiny  uses, 
is  made  firom  a  common  glass  bottle  in  the  following  manner:—^ 


Fig.  xvn. 


(Fig.  X VIL)  is  a  bottle  of  4-^  litres 
capacity;  through  the  cork  in  its 
neck  pass  two  glass  tubes  (No.  6),  of 
which  one  reaches  the  bottom  of  the 
bottle,  while  the  other  merely  pene- 
trates the  cor]c ;  with  the  outer  end 
of  the  first  tube  a  caoutchouc  tube  c 
is  connected,  with  the  outer  end  of 
the  second  a  common  gas-cock  a. 
The  bottle  being  first  completely 
filled  T^-ith  water,  the  apparatus 
which  generates,  or  contains,  the 
gas  to  1)6  introduced  into  the  holder 
is  connected  with  the  tube  carrying 
the  cock  a ;  this  cock  is  open.  As 
the  gas  presses  in,  the  watt>r  mounts 
in  the  long  tube,  and  flows  out  by 
the  siphon  c.  In  order  to  relieve 
the  gas  from  this  pressure  at  the 
beginning,  it  is  only  necessaiy  to 
suck  a  little  at  c.  The  tube  o  should 
of  course  be  thrust  into  a  sink  of 
drain-pipe. 

To  get  gas  out  of  the  bottle,  thus  charged,  the  cock  a  is  closed,  and 
the  'flexible  tube  c  is  lifted  up  and  connected,  as  shown  in  the  figure, 
with  a  bottle  of  water  B  placed  on  a  shelf,  or  stand,  somewhat  above 
the  bottle  A.  When  the  cock  b  is  opened,  the  gas  in  A  is  pressed  upon 
by  the  weight  of  the  superincumbent  column  of  wat<»r,  and  may  there- 
fore be  made  to  issue  at  will  from  the  cock  a.  The  higher  B  is  placed 
above  A,  the  greater  will  be  the  force  with  which  the  gas  will  issue. 
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If  ft  moderate  or  eanlj  regulated  water-pressure  is  at  band^  supplied 
bj  city  water*work9  or  a  reseri'oir  in  the  upper  part  of  the  building, 
the  Ix)tile  B  is  unnecessary,  and  the  flexible  tube  c  may  be  connected 
with  such  a  water-supply  wheneyer  gaa  is  to  be  pressed  out  of  the 
gas-holder  A. 

W  jeti  larger  quantideg  of  g-as  are  to  be  stored  for  use,  a  metallic  gaa- 
bolder,  whose  construction  aud  prrtportions  are  shown  in  Fi^*  XVUL,  is 
advantageously  employed.  The  open  cistern 
B  is  supported  over  the  vessel  A  on  tsm  co- 
lumns c  c,  and  two  tubes  a  and  b ;  of  these 
tabes  the  first,  a^  reaches  £rom  the  bottom 
of  B  nearly  to  the  bottom  of  A*  while  the 
second^  h,  starts  from  the  bottom  of  B  and 
juti  enters  the  arched  top  of  A  without 
projecting  into  it ;  ef  is  a  ehort  large  tube, 
sloping  upwards  imd  outwards,  and  capable 
of  being  tightly  closed  with  a  cork  or  caout- 
chouc stopper;  ^  is  a  glass  gauge  to  show 
the  height  of  the -water  in  the  vessel  A ;  e 
is  the  discharge-pipe.  To  till  the  ga^-holder 
with  water,  close  d,  open  the  stopcocks  <i, 
6,  and  e^  and  pour  water  into  the  cistern  B\ 
the  wftter  entering  A  will  expel  the  air 
through  h  and  e\  when  the  water  begins 
to  flow  through  «,  close  that  stopcoi'k  and 
expel  the  rest  of  the  air  through  h.  The 
gas*holder  may  now  be  filled  with  gas  by 
displacing  the  water  in  the  following  manner: — Close  all  the  stop- 
cocksy  withdraw  the  cork  or  stopper  from  rf,  and  introduce  the  tube 
which  delivers  the  gas  through  that  opening,  A  short  piece  of  caout- 
cbouc  tubing  makes  the  best  end  for  the  gas-deli  very-tube ;  but  glaM 
tubing  will  answer  the  purpose  if  the  end  be  slightly  bent  upwanL 
The  water  flows  out  at  ef  as  last  as  the  gas  enters,  and  the  gas-holder 
should  therefore  stand  in  a  shallow  metal  tray  provided  with  a  drain* 
pipe.  When  the  desired  quantity  of  gas  has  been  introduced,  close  d. 
To  draw  gns  out  of  a  gas-holder  of  this  construction,  the  cistern  B  is 
filled  with  water  and  the  cock  a  is  opened;  under  the  pressure  thua 
established  the  gas  may  be  drawn  off  through  is,  or  allowed  to  rise 
tbrough  6  into  bottles  or  bells  fiDed  with  water  and  held  over  the 
mouth  of  the  tube  h  in  the  cistern  B]  in  this  iRst  case  B  answers  tha 
purpose  of  a  pneumatic  trough. 

Thia  gaa^holder  may  ba  cheaply  made  of  adnc  \  any  gas-fitter  can 
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Kipply  the  nefosisiarir  stopcocks;  care  miist  be  tftken  tliat  the  gli 
tnbr  which  ronstitut**;  the  ^auge  is  fitted  air-tight  to  ibf?  gns^ha^<l 
Thti  pfopcock  r  ij(*»^d  not  end  in  a  W!rpw ;  tubfts  mny  be  as  well 
nee  ted  vnih  it  by  ciioutthouc  The  available  pressure  und^r  which 
tht*  gas  in  the  holder  ptreani*  out  at  e  is  of  course  limited  bv  th*-  ►'le- 
gation of  B  above  At  which  must  aiwavs  be  moderate,  ^Vh^n  a 
Mi'onger  pressure  h  desirable,  as  in  getting  the  oxyhrdrogen  blowpipe- 
flame,  for  ^xnuiph%  a  heavier  water-i'ulunm  may  be  oblaitjed  by  scr&w* 
ing  a  tall  tube  with  a  capacious  (timid  on  the  top  of  it  into  the  tub*  «, 
where  it  optn^*  into  the  bottom  of  the  ciatem  B,  A  piece  of  coiuinoo 
ir«>n  or  copper  gas-pipe  about  a  metre  long,  answers  thry  purpo^  Tf^ry 
well;  the  funnel  at  the  top  should  hold  two  or  three  litr«*8,  and  muj»t 
be  kept  full  of  water  from  a  caak  or  tub  provided  with  a  cock  and 
placed  ju-st  above  the  funnel,  ^^"he^e  a  water-supply,  with  modemie 
pressure,  is  obtainable,  it  may  be  used  to  ke^p  the  funnel  lull,  ot  to 
replace  the  funnel  altogether,  if  directly  connected  with  the  tube  a,  A 
gos-holder,  meaeuriug  not  more  than  oO  cm.  in  total  height,  ia  not  lew 
heavy  to  be  portable,  and  during  the  process  of  tilling  may  bts  placc^i 
over  a  tub ;  but  a  gas-holder  of  much  larger  proportions  is  better  mmJa 
a  fixture,  and  providid  in  a  permanent  manner  with  drmn-pip«  and 
watt'r->upply.  The  j^as-holder  thus  described  is  that  which  ia  I  ha  modt 
penerally  us^i-ful ,-  it  may  be  charged  from  any 
glasi*  Ibiak,  retort,  or  botdei  without  any  pres- 
sure being  exerted  upon  the  glass  vessel ;  nnd 
nnuft-cd  gas  cont»aiaed  in  any  sort  of  bell,  buttle, 
nr  Mask  ran  be  very  readily  trans feiTed  to  f^uvh 
a  gaa- holder  without  waste  and  with  veiy  little 
trouble. 

A  cheaper  gas-holder  may  be  mndt*  on  the 
plan  of  ihe  large  ga^s-holderSt  imprupt  riy  railed 
gjisometj?rs,  U5«d  in  ga8-wark?»*  T'lg.  XIX.  re- 
presents a  gai-holder  of  this  bort.  <  her  a  tank 
of  water,  whi<'b  may  be  a  cylinder  of  zinc  as 
shown  in  ihe  ligure,or  a  hejidless  pork-  or  oil- 
bavi'el,  or  any  other  water-tight  tub,  it*  b?^nuced 
by  pulleys  and  weights  a  tight  bell  of  zinc,  not 
too  large  for  complcite  inimersioo  in  the  tank. 
The  U-tube,  shown  in  tJie  figure,  which  may 
ho  either  of  lead  or  brass,  eervee  both  to  intro- 
duix-*  and  deliver  tJhe  ^as.  To  fill  such  a  gnao- 
meter,  open  the  cock,  lift  the  counterbalancing  weight,  and  let  theheQ 
look  into  the  water;  then  connect  the  vease]  from  which  thca  g»s  if 
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delivered  witli  the  tube  of  the  holder,  counterpoiie  the  b<^ll,  und  tlie 

^^8  coDiini;:  from  the  generator  will  j^riidiially  lift  the  bell  out  of  t|ie 
wattT.  To  force  the  jra-s  oul  of  the  holder  it  h  only  nere-S8ary  to  rtnjoro 
the  counterbalaneiog^  weij;^ht ;  the  weight  of  the  bell  force?  out  the  giu* ; 
tTid  if  this  presetire  be  not  »ufficieDt,  additional  weig^hts  mny  he 
plticed  on  the  top  of  the  bell.  Gas-holders  of  this  construction^  tinlesa 
very  fib  all,  are  too  heAvy^  when  tillt^d  with  water,  to  be  carried  nbout ; 
but  this  difficulty  may  be  obviated,  when  economy  i»  not  specially  to 
be  reirarded,  by  placing  within  the  lower  cylinder,  or  tank,  a  second 
iur*ti^ht  cylinder  as  a  core,  ao  as  to  leaye  only  a  narrow  space  between 
the  inner  and  outer  cyliudtrrs  for  the  water  into  which  the  upper  bell 
dips.  Ele^Dt,  but  not  cheap^  gas-holders  are  thus  made,  which  are 
convenient  for  some  uj^e^j  but  are  not  eo  generally  to  be  recommended 
as  those  of  the  construction  first  described.  The  vessel  from  which  a 
gikit>h older  with  counterpoised  bell  i»  charged  is  always  auhjected  to 
some  preaaure,  slight  if  the  pulleys,  cords,  and  weiglits  are  in  perfect 
order,  but  more  frequently  coneiderable  on  account  of  the  dilticulty  of 
maiutaining  auch  an  apparatUB  in  perfect  condition. 

12,  DeJUi^rating- Spoon. — The  Utile  cup  which  holds  combiistiblfl 
aterialf  to  be  burnt  in  a  bottle  or  jar  of  gas,  is  called  a  dt^tla^nting- 

on;  it  may  be  cheaply  made  by  hollowing  a  hemispherical  cup  out 
of  a  cube  of  chalk  about  2  cm.  on  a  side,  aod  attaching  a  stout  iron  or 
brtLBS  wire  to  the  chalk,  in  such  a  manner  that  the  cup  ^nll  be  right 
fiide  up  when  hung  by  the  wire  in  a  jar  of  gas ;  the  upper  end  of  tbia 
wire  should  be  straight,  that  it  may  be  thrust  through  the  cork  or  piece 
of  wood  which  covers  the  mouth  of  the  bottle  or  jar*  The  piece  of 
chalk  may  be  replaced  by  a  bit  of  the  cylindrical  chalk  crayon  com- 
monly used  with  blackboards.  A  piece  of  crayon  1*5  cm,  in  length 
will  make  a  aafficient  spoon,  A  small  cupel  is  a  convenient  ready*mAdo 
substitute  for  the  chalk  cup.  Brass  deflagrating^spoons  are  also  to  be 
bad  of  philoaoplncal- instrument- makers. 

13.  Piatinttm  Fttit  and  Wire, — A  piece  of  platinum  foil  about  3  cm, 
square  is  us*^ful  in  experiments  involving  the  evaporation  of  a  drop  or 
two  of  liquid  and  the  ignition  of  the  residue ;  it  is  an  essenttnl  tool  in 
qualitative  analysis.  The  foil  should  be  at  least  so  thick  that  it  docs  not 
crinkle  when  wiptnl ;  and  it  is  more  economical  to  get  foil  which  is  too 
thick  tljao  too  thin,  for  it  requires  frequent  cleaning.  A  bit  of  platinum 
wire,  not  thicker  than  a  No.  10  neeJk,  and  20  cm.  long,  wiil  last  a  long 
time  with  careful  usage.  No  other  metal ^  and  no  mixture  of  substances 
from  which  a  metal  can  be  reduced,  muft  ever  I)*?  heated  on  pl.itinum 
foil  or  wire,  for  platinum  fonus  alloys  with  other  metals  which  are 
much  more  ^sible  than  iteelC    If  once  alloyed  with  a  baser  metnl^  the 
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platinum  cea*ea  to  be  Applicable  to  its  peculinr  n^es.     Plalmtiiii 
be  cleaned  by  boilmg^  it  in  *-ntUt'r  nitric  or  rhlorhydrk  .'utiiI,  hy  fiisin 
the  acid  sulphate  of  soiliiini  or  pot^sdiiim  upon  itj  or  bv"  8'  til 

with  fine  aaiid-     Ac^nn  reg-ia  aud  ehlorliiH-water  di'wolvo   ; 
the  sulphides,  cyaaid&s,  aad  oxides  of  sodium  nud  potnasduiUy  mh^n 
fused  in  platinum  vessels,  slowly  attadi  the  metal 

14.  Fiitvrmg. — Filtration  is  resorted  to  in  ordi^r  tt»  separate  ft  I 
divided  dolid  from  a  liquid.     The  filter  may  be  made  of  paper,  clotl 
tow,  cotUm,  asbestos,  and  other  suljstaiice*.     Papo.r  is  the  aubil 
oftenest  used.     A  good  tillering- paper  must  be  poroua  enough  lu  filtirf' 
rapiilly,  and  yet  sufficiently  close  in  texture  U\  retain  tho  fmeal  pow* 
dera  \  and  it  must  also  be  strong  eooiigb  to  bear^  wlien  wt*^,  the  pre*«j 
.  Bure  of  the  liquid  which  mvist  be  pourt^d  upon  it.     For  delieat**  ♦»xp**r 
menta  it  is  also  necessary  that  lilterijig-papor  shnuM  contaiii 
»alUi.  and  but  avei-ysmall  proportion  of  iacombustible  mnt»'r 
would  remain  aa  ash  were  the  iilter  to  be  burued.     Filteriu^^-pap 
(which  i.s  g-enerally  soM  in  sheets)  is  first  cut  into  circlet  of  Tario 
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diameters,  adnptt^d  to  the  various  amies  of  operation 
and  quantities  of  liqmds  to  be  filtered-    To  prepare  a 
filter  for  use,  one  of  these  cindes  is  folded  over  on  its 
own  diaineter,  and  the  semicircle  thus  obtained  is 
folded  once  upon  itself  into  the  form  of  a  quadrant  j 
the  paper  thuB  folded  is  o|>encd  so  that  three  thici- 
'  tiessei)  ^hall  come  upon  oue  eide,  ami  one  thickness 
njx^n  the  other,  as  shown  in  Vi^,  XX.;  the  til  tor  ia 
then  placed  in  a  glass  funnel,  the  angle  of  which 
ahould  be  precisely  that  of  the  opeued  paper,  viz»  60^; 
after  being  wetted,  it  is  ready  to  receive  the  liquid  to  b«?  tilterod. 
pap^r  may  be  so  folded  as  to  tit  a  funnel  whose  angl«>  is  more  or  lesc  tl 
eU^ ;  but  this  is  the  moat  advantageous  angle,  aud  glans  fuiinela should^ 
be  selected  with  reference  to  their  correctness  in  this  respect. 

Coarae  and  rapid  filtering  can  be  etfected  with  cloth  bagj^  ^»  i 
idso  by  plugging  the  neck  of  a  funnel  loosely  with  tow  or 
cotton*  If  a  very  acid  or  very  catii*tic  liquid,  wJdch  would 
destroy  paper,  cotton,  tow,  or  wool,  is  to  be  tilttred,  the  best 
subatiuicea  wherewith  to  plug  the  neck  of  thn  funnel  are 
aabeatos  and  gun-cotton,  neither  of  which  is  attacked  bj- 
Buch  corrosive  liquids. 

The  glass  fimnel  which  holds  the  filter  gfv«nefally  requireis 
an  iiidepeniient  support;  for  it  is  seldom  judicious,  or  pos- 
sible, to  support  the  funnel  directly  upon  the  ve9S<*l  which 
feceives  ih^iJiUrai^,  aa  the  clear  liquid  which  ruus  through  the  tilt«r  ii 
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called.  The  iron  stand  may  be  used  for  this  purpose ;  and  wooden 
stands,  of  a  similar  construction,  adapted  expressly  for  holding*  funnels, 
are  very  convenient  and  not  expensive.  In  general,  care  should  be 
taken  that  the  lower  end  of  the  funnel  touch  the  side  or  edge  of  the 
vessel  into  which  the  filtrate  descends,  in  order  that  the  liquid  may 
not  fall  in  drops,  but  run  quietly  down  without  splashing.  Sometimes 
there  is  no  objection  to  thrusting  a  funnel  directly  into  the  neck  of  a 
bottle  or  flask ;  but  in  this  case  an  ample  exit  for  the  air  in  the  bottle 
must  be  provided  (Fig.  XXL). 

15.  Drying  Gases. — It  is  often  desirable  to  remove  the  aqueous  vapor 
which  is  mixed  with  gases,  collected  over  water  or  prepai-ed  from 
materials  containing  water.  It  very  seldom  happens  that  a  gas  can  be 
prepared  at  one  operation  in  so  dry  a  state  as  to  contain  no  vapor  of 
water;  this  vapor  must  ordinarily  be  removed  by  a  subsequent  or 
additional  process.  Experience  has  shown  that  some  gases  aie  more 
easily  dried  than  others ;  thus  air,  hydrogen,  and  common  oxygen  are 
thoroughly  dried  with  great  ease,  but  gaseous  mixtures  which  con- 
tain antozone  only  with  great  difficulty ;  chlorine  is  three  times  as 
hard  to  dry  as  carbonic  acid.  These  and  similar  facts  must  be  borne 
in  mind  in  constructing  drying-apparatus.  The  common  drying-pro- 
cess depends  upon  bringing  the  moist  gas  into  contact  with  some  liquid 
or  solid  which  greedily  and  rapidly  absorbs  aqueous  vapor.  The  three 
substances  most  used  for  this  purpose  are  concentrated  sulphuric  acid, 
chloride  of  calcium,  and  dry  quicklime.  Sulphuric  acid  may  be  used 
in  two  ways :  the  gas  may  be  made  to  bubble  through  a  few  centi- 
metres depth  of  the  liquid  acid,  or  it  may  be  forced  to  pass  through 
the  interstices  of  a  cohimn  of  broken  pumice-stone  wliich  has  been 
previously  soaked  in  the  acid.  The  latter  method  is  the  most  effectuid, 
because  it  secures  a  more  thorough  contact  of  the  gas  with  the  hygro- 
scopic acid  than  is  possible  during 
the  rapid  bubbling  of  the  light  gas 
through  a  shallow  layer  of  the  dense 
liquid.  The  column  of  fragments 
of  pumice-stone  may  be  held  in  a 
U-tube,  arranged  like  that  shown 
in  Fig.  XXII. ;  but  the  vertical  cy- 
linder shown  in  the  same  figure  is 
better  adapted  for  this  use,  because 
the  acid  as  it  becomes  dilute  from 
absorption  of  moisture,  gradually 
trickles  from  the  pumice-stone,  and  =^3i- 
is  apt  to  collect  in  such  quantity  at 
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the  boltom  of  tlie  U-tubo  as  to  completely  clofl«  the  ttibe.  In  pre|ia.%|t 
tlie  upright  cylinder  for  use,  the  portion  Ueltiw  the  contrftction  U  not 
ii lied  with  piimice-stoDe ;  it  receives  the  dripping!?  ffooj  the  pun''' <?- 
stone  column.  The  ^as  to  he  dried  enters  bv  the  lower  Uteml  < 
and  goc.^  out  at  the  top  of  the  cylinder.  Thoiigh  e^peciaUy  u^..f.,.- 
to  the  column  of  licid-soaked  pamice-stone,  thii*  cylinder  may  vmj 
well  be  used  with  either  of  the  other  dryiug-u^etit^,  chlttride  of  oU- 
cium  or  quiL^kliine.  Either  of  the  forms  of  dr)  ing-tuhe  repredeoted  til 
Fig,  XXII.  may  he  employed  with  these  btter  suljHtaoc*^* ;  in  ehor^no^ 
the  horizontal  tubes,  bits  of  louse  cotton-wool  should  tir»t  be  ph^oed 
against  the  exit-tube  to  prevent  any  particles  of  the  chloride  of  cml- 
cium^  or  quit'kliuie.  from  entering  that  tube;  pieces  of  the  perfectly 
dry  ftolid  are  then  introduced  in  such  a  wny  that  the  tulx<  may  Tie  c<»m- 
pactly  liUed  with  fragments  which  leave  room  for  the  gas  to  past  vtsry 
denoiJhly  between  them,  hut  offer  no  direct  channels  through  which 
tho  gas  could  tind  straight  and  quick  passnge.  Quicklime  muat  \m 
ciiarged  much  more  loosely  than  chloride  of  calcium,  bwau^  of  iU 
great  expansion  when  moistened.  Fused  chloride  of  calcium  i^  oot  m> 
well  adapted  for  drying  gases  as  the  unfuited  subi^tance.  It  is  tiot  at 
all  necessary  that  the  fragments  of  chloride  of  calcium,  or  quicklime^ 
should  be  of  uniform  sis?e»  When  the  tube  is  nearly  full,  a  plug  pf 
loose  cotton  shoidd  be  inserted  before  putting  in  the  cork.  A  rhlorid^ 
of-cflleiura  tube,  once  tilled,  will  often  serve  for  many  ex jwii meats  j 
whenever  out  of  use,  it^  outlets  should  he  covered  with  paper  caps;  or, 
better,  caoutchouc  connectors  may  be  slipped  up<in  the  exit'tubtm,  and 
biti^  of  glass  rod  thrust  into  these  connectors.  The  moisture  of  the  air 
b  thus  kept  iTom  the  chloride  of  calcium*  The  dimensions  of  it"^  ^ 
tubes  ftie  of  course  very  various;  the  bulb-tube  .shown  in  Fig, 
is  seldom  used  with  a  greater  length  than  2r»  cm. ;  when  tbi^  Uaui  u[ 
tube  is  employed  the  gas  should  invariably  enter  by  the  end  wlthciai 
a  cork,  where  the  small  sixe  of  the  tube  permits  direct  yti rr 

connexion  with  a  common  gas-delivery^- tube  by  means  *^*  JLAIU. 
of  a  caoutchouc  connector;  the  other  horizontal  tube, 
shown  in  the  figure,  may  be  of  any  length  j  but  when- 
over  a  great  extent  of  drying-surface  is  necessary ,  U-tubea 
have  the  advantage  of  com  pact  ness ;  for  many  can  be 
hung  upon  one  short  frame.  The  upright  cylind^^r  mny 
ho  from  2/j  cm,  to  40  cm,  in  height.  A  good  U-tnbe, 
with  an  addition  which  ha?  the  merit  of  economiring 
chloride  of  calcium,  is  shown  in  Fig,  XXIIL  ;  the  addi- 
tion con(*ist8  of  a  short  test-tube,  into  which  the  tube  _ 
by  which  the  gaa  oomaa  in  barely  enters ;  a  quantity  of  water  ia  olUa 


WATEB-BATH. 


XXT 


eaught  in  this  test-tube  which  othermse  would  wet  and  spoil  a  con- 
siderable amount  of  chloride  of  calcium ;  the  little  test-tube  may,  of 
course,  be  taken  out  and  emptied  at  wilL 

The  choice  between  one  or  other  of  the  three  drj'ing-substances  is 
determined  in  each  special  case  by  the  chemical  relations  of  the  gas  to 
be  dried ;  thus  ammonia-gas,  which  is  absorbed  by  sulphuric  acid  and 
by  chloride  of  calcium,  must  be  dried  by  passing  it  over  quicklime, 
while  sulphurous  acid  gas,  which  would  combine  with  quicklime,  must 
be  dried  by  contact  with  sulphuric  acid. 

Fig.  XXV. 
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16.  Spring  Clip  and  Screw  Compressor, — These  are  very  convenient 
substitutes  for  the  ordinary  stopcock,  and  as  such  are  in  constant  use 
in  the  laboratory.  Their  form,  and  the  manner  of  their  u«e,  will  be 
readily  understood  from  the  figures.  As  glass  stopcocks  are  expensive 
and  fragile,  and  metal  stopcocks  are  usually  out  of  the  question,  be- 
cause so  many  gases  and  liquids  attack  the  common  metals,  these 
excellent  substitutes  are  used  whenever  a  caoutchouc  tube  is  not  inad- 
missible ;  they  cannot  be  used  unless  a  bit  of  elastic  tubing  can  be 
inserted  into  the  apparatus  which  requires  a  cock. 

Another  effective  mode  of  temporarily  stopping  or  partially  closing 
a  caoutchouc  tube,  is  to  slip  over  the  tube  a  common  brass  ring  of 
about  the  same  diameter  as  that  of  the  tube,  and  then  to  thnist  a 
slightly  conical  plug  of  hard  wood  or  ivory  between  the  ring  and  thd 
flexible  tube. 

17.  Water-hath. — It  is  often  necessary  to  evaporate  solutions  at  a 
moderate  temperature  which  can  permanently  be  kept  below  a  certain 
known  limit;  thus,  when  an  aqueous  solution  is  to 
be  quietly  evaporated  without  spirting  or  jumping, 
the  temperature  of  the  solution  must  never  be  suf- 
fered to  rise  above  the  boiling-point  of  water,  nor 
even  quite  to  reach  this  point.  This  quiet  evapom- 
tion  is  best  eflfected  by  the  use  of  a  water-bath— a 
copper  cup  whose  top  is  made  of  concentric  rings  of 
different  diameters  to  adapt  it  to  dishes  of  various 
nze  (Fig.  XXVI.).  This  cup,  two-thirds  full  of  water, 
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U  supported  on  the  iron  etand  over  the  Ump,  and  tlie  dish  ( 
ing  tbe  solution  to  be  evaporated  is  plnetid  on  lliat  ooe  of  tbt»  i 
rinj^^  which  will  permit  the  greater  part  of  the  di*h  to  dak  intit  t 
copper  cup.  The  8teatn  rising:  tVom  tho  wat<T  impinges  up«m  tbii 
bottom  of  the  dish,  and  brings  the  liquid  wilhiu  it  to  n  l*»nip**rmtuni 
which  insures  the  evaporation  of  the  water^  but  will  not  catiBe  may 
HcUsd  ebullitiou.  Tho  water  in  the  copper  cup  must  never  be  idJnii 
to  boil  away.  WTienever  a  confltant  icfupply  of  **t**iini  ia  at  hmid,  i 
building  warmed  by  fiteam,  the  coppor  cup  above  described  iitaj  I 
converted  into  a  steam-bath  by  attaching  it  to  a  steaui-pipe  by  ; 
of  a  snmll  tube  provided  -with  a  stopcock. 

A  cheap  but  serviceable  w^ater-bath  may  be  made  from  a  quaii 
milk-can  f  oil-ciin,  tea-cannister,  or  any  similarly  shaped  tin  vefssi?!,  1 
inBerting  the  stem  of  a  gla«i8  funnel  into  the  neck  of  the  can  throug 
a  well-fitting  cork.  In  this  funnel  the  dish  containing-  the  liquor  to 
be  evaporated  re^ts.  The  can  contains  the  water,  which  is  to  l>e  kept 
just  boiling.  On  account  of  the  fihape  nf  the  fannel^  dishea  of  vojrioaa 
eitea  can  be  u^ed  with  the  same  apparatus. 

The  copper  vesael  first  daseribed  nmy  be  oonvementlv  ^mployad 
when  it  is  required  to  expose  aubstances  to  a  con^tatit  ti!mp'--nilu 
hig)ier  than  lOO*^-     For  this  purpose  the  cup  is  filled  with  ail, ' 
pai-uffine,  or  a  solution  of  chloride  of  zinc  or  chloride  of  t^niim; 
flask  or  dish  containin<i"  the  substance  to  be  heated  should,  in  ih^  ( 
be  immersed  in  the  fluid  to  about  two*thii'di!i  of  it«  depth :  a  ihcrmQ 
meter  muiit  be  uged  to  indicate  the  temperature  of  »uch  a  bath.    Whi 
oil,  wax,  or  paraiHne  m  used,  the  temperature  must  not  be  carried  4 
high  a*  to  bum  or  decompose  these  organic  matters^  else  a  rtay  i 
gfusting  vapor  will  be  produced. 

18.  Iron  Retort. — ^A  retort,  made  of  iroii,  of  the  form  flhowQ  in 
Fig,  XXVII,,  ia  a  convenient  utensil 
in  making  large  quantities  of  oxygen ^ 
and  in  preparing  illuminating-gea  or 
marsh-gas.  The  iron  top  is  fitted  to  the 
retort  with  a  ground  joints  fai^t^i'iied  by  a 
icrew-clamp.  When  the  top  is  reniovecl  ♦ 
the  whole  inner  surface  of  the  retort  is 
expo«e<l — a  decided  advnntage  wherever 
the  feaidue  left  in  the  retort  after  use  is 
■olid.  A  retort  of  about  300  c.  c  capa- 
city iM  amply  birge  for  most  uses,  A  email  iron  kettle  makfn  a 
retort ;  the  lid  mui^t  be  luted  on^  and  the  n<>*»e  Vw^come*'  tlu' 

1£    Sd/'tegulaiuig  Gwi't/enertUor, — An  apparatua  which  ia  mlwmyi 
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ready  to  deliver  a  constant  stream  of  hydrogen,  and  jet  doea  not 
generate  tlie  gos  except  when  it  ia  immediately  sauted  for  use,  18  a 
greut  convenience  in  an  active  laboratory  or  on  a  lecture -tables.     The 
same  remark  applies  to  the  two  j^^ases  gnJpbydri^  acid  and  carbonic 
ftcidf  which  are  likewise  used  in  considerable  quantities^  aud  which  can 
be  conveniently  generated  in  precisely  the 
same  form  of  apparatus  which  ia  ad  van* 
tageous  for  hydi-ogen.     Such  a  generator 
may  be  made  of  divers  dimensiona.     The 
following  direction.%  with  the  accompany* 
ing  figure  (Tig,  XXVIIL),  w^U  enable  the 
student  to  construct  an  apparatus  of  con- 
Tenient  size.     Procure  a  ^Iobs  cylinder  20 
or  26  cm.  in  diameter  and  30  or  iio  cm. 
high ;  ribbed  candy-jars  are  sometimes  to 
he  had  of  about  this  size ;  procure  also  & 
etout  tubulated  bell  gkaa  10  or  12  cm. 
wid«  and  5  or  7  cm*  shorter  than  the  cy- 
linder.  Get  a  basket  of  sheet-lead  7  5  cm* 
deep  and  2-5  cm.  narrower  than  the  bdl- 
gloaa,  and  bore  a  number  of  ^mall  holes  in 
the  sidea  and  bottom  of  this  basket     Cast 
a  cinular  plate  of  lead  7  m.m.  thick  and  of  a  diameter  4  cm.  larger 
than  that  of  the  gla^a  cylinder;  on  what  is  intonded  for  it«  under  aido 
Bolder  three  equidistant  leaden  strips,  or  a  continuous  ring  of  load,  to 
keep  the  plate  in  proper  position  a^  a  cover  for  the  cylinder.     Fit 
tightly  to  each  end  of  a  good  brass  gas-cock  a  piece  of  brass  tube  8  cnu 
long,  1*5  to  2  cm.  wide,  and  stout  in  metal,     Perforate  the  centre  of 
the  leaden  plat^,  so  that  one  of  these  tubea  will  snugly  pas;;  through 
the  oritice,  and  secure  it  by  solder,  leaving  6  cm.  of  the  tube  proji^ct- 
ing  below  the  plate.   Attach  to  the  lower  end  of  this  tube  a  stout  hook 
on  which  to  hang  the  leaden  basket.     By  means  of  a  sound  cork  and 
oomtnon  sealing-wax,  or  a  cement  made  of  oil  mixed  with  red  and 
white  lead,  fasten  this  tube  into  the  tubulature  of  the  bell  glass  air- 
lijzht»  and  so  tinnly  that  the  joint  will  betir  a  weight  of  2  or  3  kilos* 
Hiing  the  basket  by  means  of  copper  wire  within  the  bell  +5  c*m*  abov^ 
the  bottom  of  the  latter.     To  the  tube  which  extendi  above  the  stop- 
cock attach  by  a  good  cork  the  neck  of  a  tubulated  receiver  of  100  or 
150  c  c  capacity,  the  interior  of  which  has  been  loosely  stulK»d  witll 
cotton*     Into  the  second  tubulature  of  the  receiver  lit  tightly  the  do* 
livery-tube  carrying  a  caoutchouc  connector;  into  this  connector  can 
be  fitted  a  tube  adapted  to  convey  the  gas  in  any  desired  direction 
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To  charge  the  appftratus,  fill  the  cylinder  with  dilute  ncid  to 
10  or  12  cm.  of  the  top,  place  the  xinc^  sulphide  of  iron^  or  TnArble^  m 
the  CAfle  may  be^  in  the  hii'^ket,  harjg  the  basket  in  the  bell,  attd  put 
the  bell-elAas  full  of  air  iuto  its  pi  nee  with  the  stopcocV  clos«^*  Oil 
opening  the  cock,  the  weight  of  th©  acid  e3q)ela  the  air  from  the  bdl, 
the  ficid  comea  in  contact  with  the  solid  in  the  basket,  and  a  &teady 
supply  of  ffa^s  is  generated  until  either  the  acid  is  mtumtt^d  i»t  W 
solid  dissQlved ;  if  the  i-Dck  he  closed*  the  gas  acrumultttc^s  in  the  bcjl, 
and  pushes  the  acid  belnw  the  basli*n  so  that  all  action  ceajics.  la 
cold  weather  the  apparutua  must  be  kept  in  a  warm  place.  For  getif* 
rating  hydrogen,  sulphunc  acid  diluted  with  four  or  6ve  part?  nf  wilfi 
18  used;  for  sulphydric  acid,  sulphuric  acid  is  diluted  with  fourteen 
parta  of  water ;  for  carbouic  acid,  chlorhydric  acid  diluted  witb  two  of 
three  parts  of  water  is  to  be  preferred. 

20.  (?/o.M  Hi  to,  is,  Flmlcs,  JIeaJcer$,  Tfi^.-(uhe9  and  Ti»f-i7rii«M9L— AH 
glass  vess^ds  which  are  meaut  for  u>ie  iu  hcQiing  liquida  tuust  baw 
uniformly  thin  bottoms*  Tubuliited  retorts  are  much  more  gcntxwHf 
useful  than  tb+ise  without  a  tubulature.  As  retorts  are  expensive  ill 
comparison  with  flnskst  they  are  less  used  Ihsin  formerly. 

The  neck  of  a  flask  shotild  have  such  a  foim  that  it  can  be  ttg-htl? 
cloi^ed  by  a  cork,  and  the  lip  must  be  streng'thencd  to  resi«t  tlu»  fairt 
used  in  pressing  in  the  cork»  either  by  a  rim  of  glass  addend  on  tlia 
outside,  or,  belter,  by  causing  the  rim  itself  to  Hare  outwnrd.  Tha 
actual  edge  of  the  rim  muatt  never  be  sharp  or  rough,  but  alwa^mmiooth 
and  rounded  by  partial  fusion.  The  thin-bo ttom^-d  tluHkii  in  whieb 
olive-oil  is  fK>metimea  import*'d  from  Italy  are  excellent  for  c)u«mii:il 
tiiies  ;  their  edges  always  require,  however,  to  be  round«'d  in  tho  lamp. 
These  Florence  flasks,  which  are  very  much  to  be  reeotritnerid»>d  bolh 
on  the  ground  of  cheapness  and  of  durability,  may  be  clcnmrd  b? 
soaking  them  24  hoiu^  in  a  weak  cauatic  lye,  and  then  wnshing  them 
with  boiling  wat«r. 

Beakers  are  thin  flat-bottomed  tumblers  with  a  slightly  flanng^  rim. 
They  are  to  be  bought  in  seta  or  nests  which  sometimes  tndude  a  laffs 
range  of  sizes.  The  small  hhe»  are  very  useful  veesols;  th«  lar^  u^ 
80  fragile  as  to  be  almost  worthless.  Up  to  the  capacity  of  about  A 
litre,  beaJcers  are  to  he  recommended  for  heating  liquid^!  %%  f  ii 

an  object  to  have  the  whuh^  intenor  of  the  vessel  readily 

Teat-tubes  are  little  cylinders  of  thlu  glass,  with  rouu'l,  !  n^ 

aaid  lips  slightly  flared.     Their  length  may  bo  from  12  c.ti  hi., 

and  their  diameter  1  cm,  to  2  c.m. ;  they  should  n»?vtir  hAV»»  a  di<*- 
meter  so  large  that  the  open  eud  cannot  be  closed  by  the  bivU  of  ilia 
thumb.    To  hold  the  tubcA  upright  a  woodeu  rack  u»  ueceasaij.    B^ 
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Sides  the  row  of  holes  to  receive  a  dozen  test-tubed  bottom  down,  the 
,  f»ck  BhoiUd  have  n  row  of  pegs  on  which  the  test-tubes  may  be  in- 
imfted  when  not  in  use  ;  in  this  position  the  water  in  which  they  ore 
rlna^d  dndns  off,  and  dust  cannot  be  deposited  within  the  tubes.  Teat- 
tabes  are  much  used  for  heating  small  quantities  of  liquid  over  the  ga»- 
or  spirit-lamp ;  they  may  generally  be  held  by  the  upper  end  in  the 
fingers  without  inconveoience,  but  if  a  liquid  is  to  be  boiled  for  some 
minutes  in  a  teat-tube,  the  tube  must  be  held  in  wooden  nippers,  or  in 
a  strip  of  thick  folded  paper,  nipped  round  the  tube  and  grasped  be- 
tween the  thumb  and  fore  finger  just  outside  the  tube.  The  wooden 
nippers  above  mentioned  are  made  of  two  bits  of  wood  about  80  cm. 
long  hinged  together  at  the  back,  and  at  once  connected  and  kept  apart 
by  a  sliding  steel  or  brass  spring,  somewhat  like  those  used  on  certain 
pruning-shears  and  some  kinds  of  steel  nippei^.  When  a  liquid  is 
boiling  actively  in  a  teat-tube,  it  sometimes  happens  that  portions  of 
the  hot  liquid  are  projected  out  of  the  tube  with  some  force;  the 
operator  should  therefore  hold  the  tube  in  an  inclined  position,  rolling 
it  to  a  slight  extent  between  the  thumb  and  fore  finger  in  order  that 
all  sides  of  the  tube  may  be  equally  exposed  to  the  fiame  ;  while  thna 
using  the  tube,  he  should  be  careful  not  to  direct  it  either  towards 
himself  or  towards  any  other  person  in  his  neighbourhood.  Te^t-tubea 
are  cleaned  by  the  aid  of  cylindrical  brushes  made  of  bristles  caught 
between  twisted  wires,  like  those  nsed  fckr  deaning  lamp-chimneya ; 
they  should  have  a  round  end  of  bristles. 

Two  precautions  are  inviiriiibly  to  be  observed  in  heating  glass  and 
porcelfiin  vessels  of  whatever  form  :  first,  the  outside  of  the  vessel  to 
be  heated  must  be  made  perfectly  dry  j  secondly,  the  temperature  must 
not  be  raii^td  too  rapidly.  When  a  large  flask  or  beaker  containing  a 
cold  liquid  is  tirst  warmed  over  a  lamp,  moisture  almost  in  variably 
eoudea<4es  upon  the  bottom  of  the  Tessel :  this  moisture  should  be 
wiped  atr>vith  a  cloth* 

Stout  conical  glasses  with  strong  stems  and  feet  are  convenient 
for  many  uses  not  involving  the  applicjition  of  heat.  They  are  called 
test-glasses,  and  may  be  had  of  various  shapes  and  sizes.  It  is  obvious 
that  cheap  wine-  or  beer-rglnases  and  common  jelly-tumblers  would 
answer  the  pur}>osea  which  these  test-glasses  serve, 

21.  Meamriftff.f/kutei  and  ^ttre/;<w.— Measuring- glasse-s,  ^vided  into 
cubic  centimetres,  are  made  in  the  cylindrical  form,  and  also  in  the 
Haring  «hape  common  in  druggists^  measuring-glasses;  the  cylindrical 
form  is  to  be  preferred.  Such  a  glass  of  250  c,  c*,  or  better  of  500 
c  c,  capaiiiy,  18  a  very  useful  implement ;  a  flask  holding  just  ono 
litre  when  tilled  to  a  mark  upon  its  neck  is  also  convenient    Smaller 
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quttiititie^i  of  liqiiid  are  measured  with  biirettea.  Molir*#  lmr»»i 
the  most  ppneraUy  useful  of  nil  Ibrinp  of  tliin  instru- 
ment (see  Fig.  XXIX.,  tlie  right*hntjd  iiistmmijiit) ; 
it  U  fi  gmduiited  tube  dmwn  to  a  stufLll  bore  nt  ike 
bottom  ;  a  c*M.Hitt'lioiic  connector  i^  alipp^'d  upon  the 
bottom  of  the  tubi*.  a  short  bit  of  tube  dmwn  to  a 
fine  point  is  thrust  into  the  lower  end  of  the  con* 
nector,  und  a  Hpilug  clip  nip.<?i  llie  comicctA.»r  between 
tht^  two  ghiss  ttibes*  The  spring  clip  closes  the  but- 
torn  of  the  burette,  but  it  can  of  course  be  o|jened 
at  will  to  permit  the  liquid  in  the  burt^tte  to  flow  or 
drop  out.  The  caoutchouc  aftecta  iujariouely  eonie 
of  the  liquids*  which  ure  ui«ed  in  burettes ;  so  that  this 
cdinmon  form  of  Mohr^a  burette  is  not  always  appli- 
cable. To  avoid  this  difficulty  the  iutitrumeut  miiy 
be  made  with  a  gla-w  cocl%  but  ik  theu  rather  co&tly* 
Gay-Luasac^s  burette  ia  a\ ailnhle  whenever  the  caitutchoiif  in  Mohr^s 
burette  is  obj<*etionable.  The  construction  of  Gay-Lu^-tar'p  bun-ttr  is 
plainly  to  be  ^een  in  the  figure  (see  Fig.  XXIX,,  the  left-hand  instni- 
ment);  a  narrow  tube  runs  up  beside  the  large  grftdu3it*^d  tul*eUi  tbr  Uip 
of  the  latter,  aod  the  liquid  can  be  poured  out  in  drops  by  gfntly  b- 
clining  the  iuetrument.  Its  lrft<rility  i«  a  Aerious  objc^cUoti  to  this  foim 
of  burette  ;  the  danger  of  breaking  off  the  small  tube  ia  le^Aencd,  if  a 
small  piece  of  cork  be  inserted  between  tht^  two  tubet<  at  tbo  ti«p,  and 
a  string  tied  round  them  both.  A  wooden  foot  in  which  it  may  Maud 
upright  upon  a  table  is  a  convenient  addition  to  (tuy'Lusc-iicV  bufrUiv 
Mohr'si  burette  nuwt  bo  held  upright  in  a  Riitttble  (H>r«  o      '  jj 

be  fastened  on  to  a  wooden  fronie  in  such  a  manuer  tbdt  H  !1 

be  vortical,  t1rm»  and  at  the  Mnie  time  ejisily  detached,    Tl  <i£ 

niea»uremeiit  ntay  be  incrensed,  without  i nipairing  the  diMi i  \m 

ecale,  by  rtnlucing  tire  bore  <tf  the  burette.     For  delicat**  >n  >  ' « 

divided  into  tenths  of  a  cubic  centimetre  ftf^e  <»m ployed,     i  ,  t9 

which  the  r emit tnj-t iff  ia  etiect^  is  a  matter  of  importiuu?e  in  using  ■ 
burette ;  it  is  eeseiilial,  Ist,  that  the  burette  should  bo  vertical ;  dnd, 
that  the  eye  should  be  brtjught  to  a  le^el  with  tlie  ^urfacv  nf  lh«  flidd; 
8rtl»  that  a  fixt.d  standard  s^hould  bo  adopted  of  what  ia  to  be  cnnfi- 
dert^d  the  tiurface.  If  a  btnette,  partly  filled  with  a  liquid,  be  held 
between  the  eye  and  a  white  wall,  the  f^uiface  of  the  liquid  pre^iMnt* 
a  light  line  which  is  nearly  h'vel,  and  just  below  tht»  line  a  MH^ond 
line,  whirh  is  dark  and  cunej  with  the  convexity  down^^nird.  If* 
sheet  of  white  paper  be  held  imtnediately  brhind  ikxe  i\\\n\^  thew  tw© 
UjidSi  though  aoiuawhat  altered  in  appearoucei  fUf«  itill  diolinetly 
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visjblt.    Ttey  may  be  mftde  sfJll  more  distinct  by  using^  int^ti^nd  of 
wliih^  paper  a  card  half  white,  half  black,  with  a  straifjrht  dividin-^  line 

8lwet!i!i  the  two  colors.  On  holding  tliis  card  with  the  whit«  half 
^^ppenuoat,  and  the  border  line  but  we  en  white  and  blat*k  frooi  ^  lo  3 
m.m*  bolow  the  lowest  visible  dark  lint^,  two  zon^B  are  brought  out, 
A%ht  zone  and  a  dark  zone,  and  the  lower  limit  of  the  diirk  2one  is 
ie  very  distinct.  Care  must  be  taken  to  hold  the  card  invariably 
fa  the  same  rt^lAtivo  position,  since,  if  it  be  held  lower  down,  the  lower 
hitler  of  the  dark  zone  will  more  higher  up.  In  practice  the  lower 
border  of  the  dark  zone  is  read  off  as  the  surface  of  the  liq^uid,  thia 
being  the  moat  distinctly  marked  line.  There  is  one  exception  to  this 
rule;  when  an  opaque  solution  of  permanganate  of  potaasium  is  to  be 
measured  in  Gay-LuMac*8  burette,  the  upper  border  of  the  dark  zone 
mu5t  be  held  to  be  the  surface  of  the  liquid ;  in  this  ca»e  it  ia  best  to 
place  the  burette  against  a  white  backj^round. 

The  zero  of  the  graduated  scale  on  a  burette  is  alwaya  near  the  top 
of  the  tube.  In  order  to  lill  Mohr  s  burette,  the  point  of  the  instru- 
ment in  dipped  into  the  liquid,  the  spring  dip  opened,  and  a  little  liquid, 
BufBcient  at  least  to  reach  into  the  burette  tube,  is  sucked  up  by  ap- 
plying tlie  mouth  to  the  upper  end ;  the  spring  clip  is  then  closed,  and 
the  liquid  poured  into  the  burette  through  the  upper  end  imtil  it  has 
risen  a  little  above  the  zero- line.  By  opening  the  spring  clip,  the 
liquid  is  then  allowed  to  drop  out  until  the  exact  level  of  t\vi  jcero-line 
ia  reached.  The  instrument  is  then  ready  for  use.  Wlien  a  quantity 
of  liquid  haa  been  allowed  to  flow  out  of  a  burette  thus  fiUt'd.  and  the 
operator  desires  to  read  off  the  amount  iLned,  he  must  wait  a  few 
moments  to  give  the  particles  of  fluid  adhering  to  the  sides  of  the 
cmpti»*d  portion  of  the  tube  time  to  run  down.  This  remark  applies 
to  all  form?*  of  burette.  Erdmann's  swimmer  is  an  excellent  addition 
to  Mobr's  burette.  It  is  a  cylindrical  glass  float  of  such  a  w^dth  aa 
nearly  tj  fill  the  burette,  but  yet  so  loosely  as  to  float  Ii^o'.XXX- 
freely  up  and  down  with  the  liquor.  To  sot  the  instrument 
at  zero  a  ring  cut  round  the  swimmer  is  brought  to  coin- 
cide with  the  line  0  engraved  on  the  burette.  The  abso- 
lute height  of  the  liquor  in  the  bmrette  is  to  be  disregarded. 
In  order  to  read  the  height  of  the  liquor  in  the  burette  at 

ly  time,  it  \a  only  necessary  to  note  that  line  on  the  scale 

itb  which  the  mark  cut  round  the  float  coincides. 

22.  /^/>f//<*5.— Pipette.«i  are  tubes  drawn  t^  a  point,  and 
sometimes  furnished  with  a  bulb  or  a  cylindrical  enlarge-    f 
menu     They  are  chiefly  used  to  suck  small  quiintities  of  fluid  out  of 
A  reawi  without  disluibing  thu  bulk  of  the  liquid.    Figure  XXX.  re- 
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pfeaeTit*^  tliree  forms  of  pipette ;  lb©  form  with  tK©  lower  end  Imd 
tjpwards  is  used  to  introduce  liquids  into  ii  h*>\]  or  bottle  of  g-a*  ftaud- 
ing  over  mercury.  Pipettes  grnduiited  into  cubic  centimetres,  or  holding 
a  certain  number  of  cubic  centimetres  when  fiUed  to  a  mark  on  the 
Btem,  are  often  convenienL 

23.  Wmh-hoUk. — A  witsh- bottle  ib  a  flnsk  with  a  tmiformlj  thin 
bottom,  closed  with  a  sound  cork   or  caoutchouc   «tnr|iper^   thjoujrb 
which  pass  two  glass  tubes  aa  fthown  in  Fig.  XXXL     The  outer 
end  of  the  longer  tube  is  drawn  to  a  moderatrly 
fine   point.      A  short   bend  near  the  bottom  of  this 
Irmger  tube  in  the  f^amc   phine  and  direction  as  the 
upper  bend   is  of  some  u§e,  because  it  enables  the 
operator  to  empty  the  ilask  more  complet^ily  bj  incUn- 
iug  it.     By  blowing  into  the  short  tube,  a  stream  of 
water  wiU  be  driv»'n  out  of  the  long  tube  with  consi- 
derable force.     This  force  with  which  the  stream  is 
projected  adapts  the  apparatus  to  removing  precipitates 
fifom  the  sides  of  vessels  afi  well  as  to  washing  them  on 
filters.     For  use  in  analytical  operntiona,  it  is  often 
convenient  to  attach  a  caoutchouc  tube  12  or  16  cm. 
long  to  the  tube  through  which  air  in  blown;    this 
flexible  tube  should  be  provided  with  a  glass  mouthpiece  about  3 
long.      As  the  wrwih- bottle  is  often  filled  with  hot  or  ercn  boillflu 
water,  it  may  be  improved  by  bin  dint?  about  its  neck  a  ring  of  cork,  or 
winding  closely  round  the  neck  a  smooth  cord*   It  may  then  be  haodlid 
without  inconvenience  when  hot 

24.  PiJTcelnin  Disheji  and  0*wctbles, — Open  dishes  which  will  bitir 
heat  without  cracking  are  necessary  implements  in  the  labofntory  for 
conducting  the  evaporation  of  liquids.  The  best  evaporat  in  geisha 
are  those  made  of  Uerlin  porcelain^  glazed  both  inside  sti*l  ntit.  nud 
provided  with  a  little  lip  projt^cting  beyond  the  rim.  The  * '  ti^ 
of  Heissen  porcelain  are  not  glazed  on  the  outside,  and  a 
durable  as  ijioae  of  Berlin  manufacture;  but  they  are  much  cbcapeTf 
and  with  proper  care  last  a  long  time.  The  small  Berlin  dishes  will 
generally  bear  an  evaporation  to  dryness  on  the  wire  gauxe  over  th« 
open  flame  of  the  gas-lamp  ;  the  Meissen  dishes  do  not  so  woll  endun 
this  severe  treatment  Evapora ting-dishes  are  made  of  all  diaixurteti, 
from  3  cm,  to  45  cm. ;  they  should  be  ordered  by  spedfji 
meter  desired.  The  large  sizes  arc*  expensive^  and  not  vt- 
they  should  never  b©  used  except  on  a  sand-bath.  Di'bcn  ui  Liirmao 
earthenware  are  as  good  as  porcelain  for  many  uses,  and  are  much 
be  recommended  in  place  of  the  large  sixes  of  porcelain  diab«ft. 
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p Very  thin,  highly  glazed  porcelain  cnicihles  with  glaied  covers  are 
lade  both  at  Berlin  and  at  Meissen  near  Dresden:  ihey  ore  indispen- 
sahle  implements  to  the  chf^mist  In  general,  the  Meissen  cnicihles  are 
thinner  than  the  Berlin,  hut  the  Bt^rlin  crucibles  nre  somewhat  le«9 
liable  to  crack ;  both  kinds  are  glazed  inside  and  out,  except  on  the 
outside  ol  the  bottom*  Crucibles  should  be  ordered  by  specifying  the 
diiunetera  of  the  sijes  desired ;  they  are  to  bt  had  of  nearly  a  doiten 
ditlerent  sizes,  with  di^uuetera  varying  from  2  cm,  to  9  cm*  The 
smallest  and  largeat  mzes  are  little  used ;  for  most  purposes  the  best 
81261  ar^  those  between  3  cm.  and  5  cm«  in  diameter.  As  the  covers 
are  much  less  liable  to  be  broken  than  the  crucibles,  it  is  adTantageoiia 
to  buy  more  crucibles  than  covers,  whenever  it  ia  possible  so  to  do, 
Pcrcelain  crucibles  are  supported  over  the  lamp  on  an  iron-wire  tri- 
angle ;  they  must  alwnys  be  gradually  heated,  and  never  brought  sud- 
denly into  contact  with  any  cold  ijubstcmce  while  they  are  hot, 

25.  Hmffs  to  Mupport  rmma-bottomed  veBaeh. — It  is  often  necessary  to 
iupport  globes,  round-bottomed  tfasks,  evaporating-dishes,  and  round 
receivera  in  a  etable  manner  upon  the  table  or  other  flat  surface.  For 
thia  purpose  rings  are  used  mad©  of  braided  straw,  or  of  straw  wound 
about  a  core  of  straw,  or  of  tin  wound  with  listing  or  coar}«3  wooUen 
cloth.  The  material  of  which  these  rings  are  made,  or  with  which 
they  are  covered,  ought  to  be  a  substance  which  does  not  conduct  heat 
well,  becauiw  one  of  the  chief  usea  of  these  rings  is  to  receive  hot 
ves^ls  just  removed  from  the  lamp  or  sand-bath,  A  hot  flask  or 
dish  would  abuost  certainly  be  broken,  if  it  were  placed  upon  the  cold 
ilirface  of  a  ^o<k1  conductor  of  heat  The  student  must  never  touch 
m  hot  vessel  with  cold  water,  or  bring  it  into  sudden  contact  with  a 
surface  of  marble,  iron,  copper,  or  other  conductor  of  heat 

26.  C^nu^ltm. — For  use  in  a  coal  fire  there  are  three  good  kinda  of 
crocibles,  each  of  which  hoa  its  own  merits  which  recommend  it  for 
certain  purposes.  The  Hessian  crucibles  are  sold  in  nests  containing 
from  3  to  10  crucibles ;  there  are  10  siies,  which  vary  from  3  to  26 
cm.  in  height  They  generally  have  a  triangular  form,  and  will  with- 
stand a  very  high  temperature,  if  they  are  warmed  before  being  put 
in  the  fire.  They  are  not  sold  with  covers ;  but  covers  may  be  bought 
aeparnlely,  or  a  triangular  piece  of  soapstone  maybe  very  conveniently 
used  tLS  a  cover  for  these  crucibles.  Hessian  crucibles  are  cheaper 
than  any  other  kind,  and  are  thejefore  the  moat  used.  The  French 
crucibleis  called  Beaufay  crucibles,  are  admirable,  but  too  dear  for 
common  use*  They  have  a  tall,  narrow  form,  a  smooth  surface,  and  a 
small  lip ;  covers  for  the  crucibles  are  sold  separately,  The  crucibles 
are  sold,  not  in  nest^,  but  singly ;  there  are  22  siieSj  which  vary  from 
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4  to  40  c.tsL  in  heij^ht.  They  are  highly  refmctmy*  PIrini>>«t»o  crOr 
cibles  ar»^  ustnd  for  the  fusion  of  the  moat  refrftctory  met  r, 

copper,  bniEis,  Btenl,  iron,  and  so  forth;    tlu*y  resist  !>  if 

other  crucibles  the  combined  actioo  of  a  very  high  tetoptrttiuro  lUiri  a 
strong  flux  j  and  aa  they  are  not  linble  to  crack,  they  may  ofifin  h«s 
iised  many  timea  without  riBk,  Their  first  cost  is  hija-her  than  th«t 
of  miy  other  crucibles.  Crucibles  »re  mainly  used  for  tht?  tWion  and 
reduction  of  metals;  but  there  ar^  also  many  chemical  compouadf 
which  can  only  be  prepared  at  the  very  hig'h  temperaturea  w  '  '  '  '  he 
use  of  crucible.8  we  are  able  to  conimand.     Although  ci  u  a 

withstand  the  most  sudden  changes  of  temperature,  it  i*^  :  j 

eixpedient  as  a  general  rule  to  heat  up  a  crucible  gradually, 
Tiously  warm  a  charge  which  is  to  be  placed  in  a  crucible  ah  -  If 

a  cold  crucible  is  to  be  introduced  into  a  fire*  it  should  fir^t  i  ^  -  :  m 
the  leaat  hot  part  of  the  tire  and  gradually  brought  into  the  hottest  pnL 
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The  maimer  of  using  them  i»  readily 
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27.  Toitffs  and  Pincers. — Hot 
enicdbleB  are  handled  by  means 
of  tongs  of  various  shapes  and 
sizee,  according  to  the  weight  and 
nature  of  the  vessels  to  be  lifted. 
Fig*  XXXII.  represents  two  good 
fonna  of  stout  iron  tonp  for  lifting 
krge  cruciblea  out  of  a  coal  fire, 
understood  from  the  figure. 

Small  porcelain  crucibles  are  handled,  when 
hoty  by  means  of  small  steel  or  iron  tongs,  such 
Ha  are  represented  in  Fig.  X^XIIL 

Small  et«el  pincers  (jewellers*  tweezers)  are 
applied  in  the  laboratory  to  a  great  variety  of  useis, 

28.  Mortar  A, — Iron,  porcelain,  and  agate  mortars  are  nsed  by  chfr- 
mists  to  reduce  solids  to  powder.  An  iron  mortar  w  useful  for  cmme 
work,  and  for  effecting  the  first  rough  breakingupof  ^ubstitucca  which 
are  subsequently  powdered  in  the  porcelain  or  agate  mortar.  If  ihi^re 
be  any  risk  of  fragments  being  thrown  out  of  the  mortar^  it  should  b© 
covered  with  a  cloth  or  piece  of  stiff  pnper,  having  a  boles  in  the 
middle  through  which  the  pestle  may  be  passed.  Pi«Hn?s  of  «t«m«» 
minerals,  and  lumps  of  brittle  metals  may  be  safely  broken  into  frag* 
ments  suitable  for  the  mortar  by  wrapping  them  in  strong  fmptff, 
laving  them  so  enclosed  upon  an  anvil,  and  stinking  tbem  with  a  binary 
hammer.  The  paper  envelope  retains  tbe  broken  particlrtssi  whicll 
might  otherwi8<>  fly  about  in  a  dangerous  manner  and  bo  lost^ 

The  best  porcelain  mortars  are  those  known  by  the  name  of  ^*«?dge- 
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wood-wore ;  but  tliere  are  mxaj  cheaper  rabstitutea.  ,  Porcelain  tnor- 
tare  will  not  b^ar  sharp  and  heavy  blows ;  they  are  intended  rather  for 
grinding  and  trituration  than  for  hammering ;  the  pe3tle  may  either  be 
formed  of  one  piece  of  porcelain^  or  a  piece  of  porcelain  cemented  to  a 
wooden  handle  ;  the  latter  is  the  less  deisirable  form  of  pestle.  Utt- 
glazed  porcelain  mortars  are  to  be  preferred,  In  selecting'  mortars,  the 
Ibllowing  points  ahodd  be  attended  to : — 1st,  the  mortar  should  not  be 
porous;  it  ought  not  to  absorb  strong  acids  or  any  colo^^d  duid^  eTen 
if  8uch  liquids  be  allowed  to  stand  for  hours  in  the  mortar ;  2ad,  it 
should  be  very  hard,  and  its  pestle  should  be  of  the  same  hardnesa ; 
3rd,  it  should  be  i«ound ;  4thr  it  should  have  a  lip  for  the  convenieaca 
of  pounng  out  liquid*  and  fine  powd^^ra.  As  ft  rule,  porcelain  mortara 
will  not  endure  sudden  changes  of  temperature.  They  may  be  cleaned 
by  rubbing  in  them  a  little  sand  soaked  in  nitric  or  sulphuric  acid,  or, 
if  acid^  are  not  appropriate,  in  caustic  soda. 

Agate  mortars  are  only  intended  for  trituration ;  a  blow  would  break 
thenL  They  are  exceedingly  hard,  and  impermeable.  The  materia!  is 
so  precious  and  ao  hard  to  work,  that  agate  mort&rs  are  always  small. 
The  peatlea  are  generaDy  inconveniently  short, — a  difficulty  which  oiay 
be  remedied  by  dtdng  the  agate  pestle  into  a  wooden  handle. 

In  all  grinding-operations  in  mortars,  whether  of  porcelain  or  agate, 
it  is  expo^iient  to  put  only  a  small  quantity  of  the  substance  to*  be 
powdered  into  the  mortar  at  once.  The  operation  of  powdering  will 
be  facilitated  by  sifting  the  matter  aa  fast  as  it  ia  powdered,  retui'ning 
to  the  mortar  the  particles  which  are  too  laige  to  pass  through  ths 
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29l  Spatula. — ^For  transferring  sabstances  in  powder,  or  in  smiU 
grains  or  crystals,  from  one  vessel  to  another,  spatulas  and  scoops 
made  of  horn  or  bone  are  convenient  tools.  A  coarse  bone  paper- 
knile  makes  a  good  spatula  far  laljoratory  use.  Oaida  free  from  glate 
and  enamel  are  excellent  substitutes  for  spatulsB. 

dO.  Thennotntlera. — ^Thermometers  intended  for  chemical  use  must 
have  no  nietal^  and  no  wood  or  other  ot|t&iuc  material  upon  their  outer 
surfaces;  their  oxtemal  surfaces  must  be  wholly  of  glass.  The  best 
themioraet^rs  are  straight  glass  tubes,  of  uniform  diameter,  with  cy- 
lindrical instead  of  spherical  bulbs,  and  having  the  scale  engraved  upon 

le  glass  ;  such  instrurn**nts  can  be  pasfied  tightly  through  a  cork,  and 
firee  from  many  liabilities  to  error  to  which  therraometeps  with  paper 
or  metal  scales  are  always  exposed.  A  cheaper  kind  of  thermometer, 
having  n  paper  or,  better,  enamel  scale  enclosed  in  a  glass  envelope,  will 
answer  for  most  experiments. 

SL  JWiioc^ — For  all  common  fusions,  an  anthracite  or  coke  ire 
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in  an  ordinary  cylinder  atove  will  auflSce*  The  ch&fing'-diitlip  or  <vpai 
portable  stove,  such  as  is  used  by  plumbers  for  example,  is  very  oon- 
Tonient  for  operations  which  re<iuire  leas  heat  The  clay  buckela  oaed 
M  open  furnaces  are  better  than  the  iron  ones,  because  they  hold  tlia 
heat  better. 

Charcoal  is  the  fuel  used  in  these  open  fires,  A  very  nseful  mocam- 
paninient  to  these  portable  furnaces  is  a  piece  of  straight  atoYe^ptpei, 
about  60  cm.  long  and  10  cm.  wide,  and  Haring  out  below  like  a  ftia- 
nel  until  it  is  wide  enough  to  cover  the  top  of  the  furnace.  This  con- 
trivance powerfully  increases  the  drauorht,  and  is  used  to  "urge  the  Btt 
during  kindling,  or  to  intensity  it  while  a  fusion  is  in  progresa.  With 
a  furnace  of  this  description  there  is  no  diiliculty  in  kt^piug  a 
enicibk  white-hot  tor  a  short  time. 
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THE  METRlOAi.  SYSTEM  OF  WEIGHTS  AND  MEASUHES. 

The  metrical  system,  employed  in  the  affairs  of  evcry-day  life  by 
most  of  the  nalioas  of  continental  Europe  and  by  acientilic  writeta 
throughout  the  world,  is  based  upon  a  fundamental  unit  or  mea^m^ 
of  length,  called  a  mftre.  This  metre  is  defined  as  the  40«niillionth 
part  of  the  circumfei-gnce  of  the  earth,  or,  in  other  words,  of  a  ** great 
circle "  or  meridian ;  its  length  was  originally  determined  by  actnal 
measurement  of  a  considerable  arc  of  a  meridian ;  but  the  raHous  iii^a* 
aurements  hei'etofore  made  of  the  length  of  the  earth's  m^  '  '  "ffw 
slightly  from  each  other,  and  it  is  to  be  expected,  and  ii  od, 

that  the  steady  improvements  of  methods  and  instruments  wiil  uiak« 
each  auccessdve  determination  of  the  length  of  the  mcndisn  b»!tt«f 
than,  and  therefore  different  from,  the  preceding.  It  is  thorffora 
neceasary  to  define  the  standard  of  lenprth^  by  legislation,  to  be  a  rerudn 
rod  of  metalj  depositt'd  in  a  certftin  place  undc»r  specified  guarnntiaa, 
and  to  secure  the  unifonnity  and  permrmcnce  of  the  standard  by  th$ 
multiplication  of  e^ct  copies  in  safe  places  of  dt'p»aJt, 

From  this  sinple  qunntitVf  the  metre,  all  other  mt^aanrea  arv  dKi» 
mally  derived.  Multiplied  or  divided  by  10,  100,  1000»  and  «k>  forth, 
the  metre  supplies  all  needed  linear  meaanrt^Sj  and  the  squats  nirtre 
and  cubic  metro»  virith  their  decimal  multipha,  supply  all  needed 
Jneasuica  of  area  or  surface  on  the  one  hand,  and  of  solidity  or  capa* 
city  on  til e  other. 

From  the  unit  of  measure  to  the  unit  of  weiprht  the  tran>*itjnn  b 
^admirably  simple  and  convi^niput.  The  cube  of  the  l-hnndrt?dth  of  th« 
linear  metro  i%  of  course,  the  millionth  of  tha  cubie  mertivi  ill  bulk  is 
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nhont  tlmt  of  a  Urge  die  of  the  coimnon  back -gammon  bonrd.  Thii 
little  ciitK'  of  pure  water  is  the  univewal  unit  of  wei^^'lit,  a  gramme^ 
whirh,  deeinmUy  multiplied  and  divided,  is  made  to  express  nil  weif^bt«* 
The  numbers  expressing  all  weight?,  from  the  leaat  U)  the  greatest^ 
find  direct  expression  in  the  decimal  notation ;  the  weights  used  in 
different  trndea  only  differ  from  each  other  in  being  diiferent  decimal 
multiples  of  the  some  fundumental  unit;  and  in  comparing  together 
weights  and  yolumes^  none  but  easy  decimal  computations  are  ever 
neceaeary. 

The  nomenclRture  of  the  metrical  sTBtem  is  extremely  simple  ; 
genera!  principle  applies  to  each  of  the  following  tabl**«.  The  G; 
prefixes  for  10.  100,  and  1000,  vi«.  deca,  hecto,  and  kilo,  are  used 
aignify  multiplication,  while  the  Latin  prefixes  for  10,  100,  atid  1000, 
viz.  deci,  centi,  and  milli,  are  employed  to  express  suhdiviidoa.  Of  th^ 
names  thus  systematically  derived  from  that  of  the  um't  in  each  table, 
many  are  not  often  used :  the  names  in  common  use  are  th<>«e  printed 
in  unaU  capitals.  ThuSf  in  the  table  for  linear  measure,  only  the 
metre,  kilometre,  centimetre,  and  millimeti'e  are  in  common  uae,— 
the  first  for  such  purposes  as  the  English  yard  subserves,  the  second 
instead  of  the  English  mile,  the  third  and  fourth  in  lieu  of  the  firactiona 
ol  the  English  foot  and  inch. 
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Metre, 

MlLLIKFrRB 

«= 

DOOl  or  1  ICNinth  of  a  metea. 

Dmaifms... 

CrifTiiitTtia 

= 

001    or  IMHUh   of  ametra* 

Decimetre 

= 

01      or  UUtli     ofamatii^ 

Unit 

...Mctur 

= 

M^m 

Decametre 

= 

10-                   ^H 

Multiples.. 

*  Hetiometre 

= 

too*                     ^^H 

'  KitoxcTHa 

= 

l.OOD'                              f^M 

8URFACE  USASUIIE,                                          ^^| 

Millimetre  gquane 

- 

OOnO.OOl  of  a  metre  vquanP 

Pifiaioni... 

Centimetre  squwo 

!= 

0  tiOO.  1       of  a  metre  squnre* 

Decimetre  acjuare 

1= 

001            ofametreiquar^ 

Unit 

..^Msraa  SdVAaa 

= 

1*               metre  square,   ■ 

CUBIC  HEASmtlL                                                    ^ 

Cubic  Metre, 

Cubio  Millimetre 

— 

0-0(JO,000»OQI 

DiTiiions... 

^  Cubic  CentiniPtro 

S 

OOtMI^OOl   m 

Cubic  Decimetre 

= 

0001          ■ 

Unit........ 

...Cubic  Marfti 

S 

■ 

Cubic  Decnmetre 

= 

l.nn(h           ■ 

ICulUpUft... 

Cubic  Hectometre 

= 

l.onnooo*            ■ 

Cubic  Kilometre 

= 

1,000,OU).OUO*               ■ 
2x2            ■ 
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Tbe  tftble  for  Iftud-measure  we  omit,  as  haviuj^  qu  cmmeiian  witli 
our  8jj}>ject.  For  the  ri]eftBurem**nt  of  wiii*^,  be+^r,  oH,  grain,  and  dod* 
livr  wet  and  dry  flubsUmces^  a  smaller  tmit  tbati  tbe  cubic  metn  h 
desirftble.  The  cubic  decimetre  has  been  selected  as  a  «peo!ftl  ^Andmfd 
of  capnciiv  for  the  mpasuiement  of  subsUncos  sucb  aa  ar<'  '  t  <i 

•old  b}^  the  EngliaU  wet  and  drj  measurea.     The  cubic  de».     .  ^ui 

used  is  called  a  Ikre^ 

CAPACITY  MSAStTRE. 

Litres*  Cubic  Metre* 

0-ajl  =.  0<nMMXn  -  Icubio  octntinio««<w 

001  =ST  orxM>,tu 

0^1  » omKM 

1*  =  CHXil 

10-  =  001 

100-  =  01 

1,UOO'  »  1'  «  1  cubic  m«ti^ 


rMiUiiitr©     « 

DiviBioni..- 1  Contilitro       = 
I  Deeiiitre        = 

(Decalitre  ^ 
ITE<"TOLITftE  = 
Kilolitre         = 


A  1  cubic  deeimcCMk 


DiTlsiona., 


The  table  of  weig-hts  beaiB  an  intimate  relation  lo  tbtp  tub!*  of 
capacity.     As  already  mentioned,  the  weight  of  that  die--  a 

ouVnc'ceutimetiv  or  miliilitre  of  distilled  wat^^r  (taken  at  4  ,  <jf 

greatest  density)  constitutes  the  metrical  unit  of  weight,  ThU  weitrht 
18  called  a  gramme.  From  the  very  deftnilton  of  the  gramme,  and  from 
tbe  table  of  capacity-measure,  it  is  clenr  that  a  litre  of  distilled  w«t« 
at  4**  will  weigh  1000  grammes. 

WEI0HT8. 

Grnmniei, 
0-001 
001 
01 

1  *     «s  I  cubic  centimetre  of  water  at  i 
10- 
100- 
ogriLmme     «  1,000*     ^  1  cubic  dcoimetr«  of  water  at  ^, 

The  simplicity  and  directneas  of  the  relations  between  >  ad 

volumes  in  the  metrical  system  can  now  be  more  fulls  -  d. 

The  chemist  ordinarily  uses  tbe  gramme  aa  bia  unit*weight,  nud  for 
bis  unit  of  volume  a  cubic  centimetre,  whicb  is  tlio  bulk  of  a  gnimiu^ 
of  water.  For  coarser  work,  the  kilogramme  becomes  tb«  unit  d(  i 
Weijrht,  and  the  correaponding  nnit  of  measure  ia  tbe  litre,  whicb  It 
the  bMlk  of  a  kilogramme  of  water.  In  commercial  dealinfra^  in  ou^ 
tJuliieturin^'-proceAses,  and,  above  aD,iu  scientific  inTe^tigationa,  ihtsm 
iimple  relations  between  weighte  and  measurea  have  beijn  found  to  hit 
on  inestimable  advantage.  The  numerical  expressions  for  metrical 
weighte  and meaaures  may  alwaya  be  read  u  deciiuala.    Tbtia  ^IM 
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metres  will  be  read  five  metres  and  one  hundred  and  twenty-six  thou- 
sandths, and  not  five  metres,  one  decimetre,  two  centimetres,  and  six 
millimetres.  The  expression  10*5  grammes  is  read  ten  and  live-tenths 
grammes ;  just  aa  we  say  one  hundred  and  five  dollars,  not  ten  eagles 
and  five  dollars ;  or  sixtj^-five  cents,  not  six  dimes  and  five  cents.  All 
computations  under  the  metrical  system  are  made  with  decimals  alon^. 

The  abbreviations  commonly  met  with  in  chemical  literature  are  :-r 
m.m.  for  millimetre ;  cjn.  for  centimetre ; 

m.  for  metre ;  c  c.  for  cubic  centimetre ; 

grm.  for  gramme ;  kilo,  for  kilogramme. 

The  use  of  the  metrical  system  of  weights  and  measures  in  the 
arts  and  trades  has  been  legaL'zed  both  in  the  United  States  and  in 
Great  Britain.  The  United  States  coin,  composed  of  copper  and 
nickel,  of  the  denominations  cents,  and  date  1866;  is  2  cm.  in  diamej- 
ter^  and  weighs  6  grms. 


TABLE  for  the  Conversion  of  Degrees  on  the  Centigrade  Thermometefr 
into  Degrees  of  Fahrenheit's  Scale, 


Cent. 

Fnhr. 

Cent 

Fahp. 

Cent 

Fahr. 

Cent 

Fahr. 

-66 

-58-0 

-28 

-28-2 

-§ 

1^6 

1§ 

6§-4 

-49 

-56-2 

-28 

-18-4 

-  7 

19-4 

14 

67-2 

-48 

-64-4 

-27 

-10-6 

-  6 

21-2 

15 

600 

-47 

-62-6 

-26 

-14-8 

-  5 

23-0 

16 

60-8 

-46 

-60-8 

-26 

-13-0 

-  4 

24-8 

17 

62-6 

-45 

-490 

-24 

-11-2 

-  3 

26-6 

18 

64-4 

-44 

-47-2 

-23 

-  9-4 

-  2 

28-4 

19 

66-2 

-43 

-46-4 

-22 

-  7-6 

-  1 

30-2 

20 

68-0 

-42 

-43-6 

-21 

-  6-8 

0 

320 

21 

69-8 

-41 

-41-8 

-20 

-  4-0 

+  1 

33-8 

22 

71-6 

-40 

-40O 

-19 

-  2-2 

2 

35-6 

23 

73-4 

-89 

-88-2 

-18 

-  04 

8 

37-4 

24 

76-2 

-88 

-86-4 

-17 

+  1-4 

4 

39-2 

25 

77-0 

-87 

-34-6 

-16 

3-2 

5 

410 

26 

78-8 

-86 

-32-8 

-15 

6-0 

6 

42-8 

27 

80-6 

-85 

-310 

-14 

6-8 

7 

440 

28 

82-4 

-84 

-29-2 

-18 

8-6 

8 

4r,'4 

29 

84-2 

-38 

-27-4 

-12 

10-4 

9 

48-2 

30 

8(V0 

-82 

-25-6 

-11 

122 

10 

50O 

31 

87-8 

-81 

-23-8 

-10 

140 

11 

618 

32 

ao-G 

-80 

-220 

-  9 

15-8 

12 

63-6 

33 

91-4 
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TABLE  (emtmued). 


Ceat. 

Fair* 

Oeot 

¥thr. 

Cent. 

Thht. 

Cciil. 

Mr 

3l 

93*2 

78 

17§^4 

I2S 

25f-6 

160 

a^ 

35 

950 

79 

174-2 

123 

263-4 

107 

S33« 

36 

90-8 

80 
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INDEX. 


«%  Componnd  names  are  to  be  found  under  the  first  word  of  the  name— 
chloride  of  sodium,  for  example,  under  chloride,  sulphuric  acid  under  sul- 
phuric. Occ.  stands  for  occurrence,  prep,  for  preparation,  prop,  for  pro- 
perties, comp.  for  composition.  The  numbers  refer  to  pages.  The  Roman 
numerals  refer  to  the  Appendix. 


AcsTATB  of  aluminum,  518. 

lead.  499. 
Acetates  of  copper.  569. 
Acetic  acid,  prep,  from  wood,  298. 
Acid,  meanings  of  the  term,  53,  191, 

451. 
Acids,  monobasic,  bibasic,  &c.,  191. 
AiSnity,  use  ol  the  term,  101. 
Air,  comp.  of,  6-10. 
not  an  element,  10. 
displacing  of,  5. 
a  mixture,  67. 
physical  prop,  of,  6, 
presence  of,  4. 
quantity  necessary  for  complete 

combustion,  o(»l. 
reaction  with  nitric  oxide, 59,67. 
weight  of,  5. 
Alabaster,  476. 
Alcohol,  from  the  fermentation  of 

supr,  328. 
Alcohol-lamp  flame,  347. 
Alkalies,  the  caustic,  402,  416,  418. 

definition  of,  53. 
Alkalimetry,  419. 
Alkaline-earths,  489. 
Alkaline  reaction,  53. 
Alkaloids,  organic,  absorbed  by  char- 
coal, 308. 
Allotropism,  139. 
Alum,  517. 

in  bread,  399. 
ammonium,  518. 
Alum-cake,  517. 
Alumina,  514. 
Aluminates  of  the  alkalies,  515. 


Aluminum,  abundance  of,  512. 
alloys  of,  513. 
bronze,  513. 
prop,  of,  512. 
Alums,  atomic  volumes  of,  560L 

class  of,  529. 
Amalgam  of  ammonium,  437. 
gold,  588,  590. 
sodium,  94. 
tin,  577. 
Amalgams,  576. 
Ammonia,  analysis  of,  77. 
comp.  of,  81. 
electrolysis  of,  78. 
occ.  of, '83. 

physical  prop,  of,  76,  77. 
prep,  of,  75. 
solubility  in  water,  76. 
sources  of,  84. 
^nthesis  of,  79. 
Ammoniacal  liquor  of  ^as-works,  S4. 
Ammonia-water  precipitates  raetallio 
oxides,  439. 
prep,  of,  84. 
uses  of,  84. 
Ammonium,  82. 

amalgam,  437. 
the  supposed  metal,  437. 
Ammonium-salts,  prop,  of,  438. 
test  for,  594. 
Analysis,  definition  of,  3. 
qualitatiye,  419. 

a  method  of  se- 

garati.ig    Ca, 
r.   and    fia, 
626. 


^B^^Sh^^^^^H^I^H 

^H               xIjT                                                          tNDISX.                                                               ^^^H 

^ AnAlysis  of  organic  oompomifk,  606. 

ArBeoio  add,  hrdrat^s  of  25L             ^H 

^^^^^^K^            volum(4nc,  420, 

pWp.  of,  250.                    ^M 

^^^^^^Hphimat  charcoal,  decolorismg  power 

reduction  of.  2SiL            ^H 

^^^"^lir.  309. 

aalt»of.25a                     H 

^^m             Aniimiia  and  plonta,  reciprocal  ao-  ' 

imee  of.  252L                     H 

^H                 tion  of,  33(3. 

Arsemea!  pyritoa,  24K                           ^M 

^m             Annealing,  412. 

Araeoious  acid,  antidote  for.  250.         ^H 

^■^       Anthracite  2i)S,  294, 

a  po!<on.  '25*1                ^H 

^^^^L                           conducta  heat.  2^. 

■ 

^^^H                         getting  flame  from,  360. 

■ 

^^^^       Antimoniatp  of  ontimonj»  273. 

■ 

^^m              AntimoniaLes,  275. 

txv                    i:;n.     H 

^^m              AnLimonic  aeid,  274. 

,!...._.                                    ^ 

^H              Antimoniureit^d  hydrogen,  259. 

AiBcnuuretted  hydrogen,  atialTiis  oC, 

^^^^       Aniamouy,  alloys,  2ti8, 

245.             ^ 

^^^^L                         alloys  with  xino^  269. 

dooompoMl     ^M 

^^^^^K                          amorphous,  268. 

byl»»t.260.    ■ 

^^^^^ 

prep.  of.  213,     ^U 

^^^^^^^B               distinguished  from  ane- 

prop,  of,  2U. 

A«b<»»to9,  platinised,  193.                      ^M 

^^^^^H 

^^^^^^H                extraction  of.  266^ 

Atom,  defnition  of.  29.                           ^H 

^^^^^^H                 glant-c, 

Atomic  beata  of  compounds,  601.         ^H 

^^^^^^^H                 mirrors^  270. 

elpm«nta,  (M,            ^M 

^^^^^B                 ooo.  of, 

Atomic  ▼olume,  201.                             ^H 

^^^^^^H 

Atomic  weight,  analogy  m  guidt  ii   ^H 

^^^^^^^H               the    commercial    toetal, 

determining,  514.                                ^H 

^^^■^                  267. 

Atomic  weighU,  defi  nition  oC  ^*        ^^| 

^^M                               Termtlion,  279. 

mutual  oampKtmm    ^| 

^^^        AntoiODe,  139,  147. 

of.  4f)2.                       ^ 

^^^H                        distinguiahed  from  OEonej 

pmctii^l  iiae  of,  lOOl 

^^^n^ 

table  of,  51*7. 

^^^^^■H                 fogB  and  !^moke»,  1 40,  151, 

two  KPtj  in  U90,  60flb 

^^^^^^^H                mAke^ajrbordtoiJry,  1^. 

Talue  of,  04. 

^^^^^^^"                 oxidtzetj  wiitpr,  162. 

Atomicity  of  the  elametit«.  4il&     ^^^ 

^m                                pirp  of,  148. 

^H 

^H              Antozonide^.  153. 

Harium,  436.                                  ^^^1 

^^M              Aqua  r^i^i n,  1 CH. 

compounda«  48&4aaL           ^| 

^^H              Ari^'and  burner,  345,  346. 

fliim<«,  480.                             ^H 

^^f             ArriHfomto  and  oal«*-ftpar  compared, 

Baryteft,  487.  4^.                           ^^H 

H         ^^'''- 

Benkeni.  iXTiii.                                 ^^^^H 

^^L              Anenint^,  lAomorphoiia  with  phoft* 

Bell-met&l,  504,                                 ^^^1 

^H                  phar«9, 2.'>2. 

Be»pemer  etrel  541.                         ^^H 

^^^^        Araenie,  di^  tei*t  i  on  of  the  poison ,  252. 
^^^^K                      determination  of  ita  atomic 

Biatomie  metatu,  73.                         ^^^^| 

Bibaaic  Aeid.4.  dt-fmed,  19L             ^^^M 

^^^K^                  weight,  202. 

BiboratP  of  sodium.  40^.                 ^^^H 

^^^^^^^L            distinguLnhed     from     loti- 

Bioarbonaleoratt                  H2,    ^^H 

^^^^^H                mony, 

.'1      ^H 

^^^^^H 

^^^^H 

^^^^^^^1           extraction  of,  241, 

Bichloride  of  platintmi,  5'^         ^^^1 

^^^^^H           greens,  260. 

tin,  5&4.                      ^^H 

^^^^^^^m          mirrors,  260. 

Bichromateof  potaafeium,  £21.            ^^M 

^^^^H               000.  of, 

,  tt*^  in         ^H 

^^^^^^H 

photoUti                J^   ^M 

^^^^^^^K          unit-Tolumo  wdght^  243. 

Binoxideof  max^anasi                   4L  ^H 

ztr 


Binoxide  of  tin,  581. 
Biimuth,  extraction  of,  281. 

makes  fusible  alloji,  282. 
prop,  of,  281. 
salts,  283. 
Bismnthio  acid,  283. 
Bisulphate  of  potassium,  428. 
Bisulphide  of  carbon,  363. 

and  nitric  oxide^ 
364. 
Bisulphide  of  iron,  549. 
Bisulphite  of  calcium,  cheoki  fermen- 
tation. 486. 
Bivalent  metals,  73. 
Black  ball,  397. 
Black-lead,  290. 
Blast  furnace,  iron,  working  ci,  535- 

538. 
Bleaching  bj  diloride  of  lime,  48dw 
chlorine,  112. 
OKone,  143. 
sulphurous  acid,  180. 
Bleaching-powder,  482. 
Blistered  steel,  541. 
Bloom,  535. 
Bloomary,  535. 
Blowers,  viii. 

Blowpipe  with  gas  and  air,  350. 
Blowpipe,  Bunsen's  gas-,  yiiL 
mouth-,  351. 
oxidizing  flame  o^  352. 
oxrhydrogen,  46. 
reducing  name  of,  d53b 
Boilflr-soale,  468,  479. 
Bone-ash,  214. 
Bone-black,  prep,  of,  310. 
Bone-phosphate  of  calcium,  48L 
Bones,  distillation  of,  84,  310. 
Borado  acid,  comp.  of,  367. 

extraction  of^  365. 
prop,  of,  368. 
strong  at  high 
temperatures,  369. 
Bonz,  as  a  blowpipe-test,  409. 
two  forms  of,  408. 
uses  of,  409. 
Boron,  allotropic  states  of,  3661. 
oco.of,365. 

resemblance  to  carbon  and 
silicon,  372. 
Bra88,564. 

Bread,  raising  with  chemicals,  399. 
Breaking  up  stones,  xxxiy. 
Britannia  metal,  268. 
Bromhydric  acid,  120. 


Bromio  aoid,  122. 

Bromide  of  ammonium,   used    in 
photoffraphj,  457. 
arsenic,  263. 
cadmium,  used  inpho- 

tog^'aphy,  457» 
nitrogen.  123. 

potassium,  426i 
silicon;  386. 
silver,  463. 
sodium,  394. 
Bromides,  formation  of,  120. 
of  iodine,  133. 
phosphorus,  240. 
Bromine,    mother-liquors   of    salt- 
works, a  source  of,  393. 
occ.  of.  119. 
prop,  of,  119. 
uses  of,  12a 
Bronie,  564. 
Bronze-powder,  582. 
Bulbs,  blowing,  v. 
Bunsen's  burner,  344^  tL 
Burettes,  xxix. 

bowtofill,xxxL 
read,  xxz. 

Cadioum,  extraction  of,  509. 

makes  fusible  alloys,  510. 
prop,  of,  510. 
unit-Tolume   weight    hall 
its  atomic  weight,  510. 
Caesium,  446. 

Calcareous  waters,  468,  479. 
Calcined  magnesia,  502. 
Calcium-flame,  489. 
light,  47. 
the  metal,  486. 
Calo-spor  and  arragonite  compared* 

469. 
Calomel,  573. 
Candle-flames,  349. 
Candles  are  ^-burners,  347. 
Caoutchouc  m  sheets,  xi. 
stoppers,  xi. 

tubing,  X.  0 

Carbon,  allotropic  modifications  d, 
288. 
atomic  weight  of.  317. 
its  atom  hypothetical,  318. 
compounds  with  nitrogen, 

363. 
dimorphous,  292. 
for  galvanic  batteries,  293i. 


^I^^Sh^^^^^^^^^^H 

H        xlvi                                       oritsx.                                             ^^H 

H         Carbon,  Tapor-detuity  hypotbeticaV 

Oarbonio  oxidip,  prer  '^^  '^''<          ^^^| 

■                           316. 

^^H 

^ft^    Otrbotuito  of  ainn)onium,coinmerciAl, 

ag«>^^H 

^^^                        441. 

3SU.              -»™^^™ 

^^^H                       ftilcium,  dissolTea  in  wa> 

Carbaretted  bjdrogeu.  dccompoetf^^H 

^^^^L                                       t?r  contJiining 

bj  [wnL  344.                                     ^W 

^^^^^1                            carbon  10  vM,  407. 

Cminine-lukc.  516. 

^^^^^^^                              dif.<iolv65 

Cast  iron,  inipuritien  of,  539. 

^^^^^^H 

varieties  ol,  '».'i.^. 

^^^^H                               salU,  4i'ia 

Caustic  alkuliea,  stroa^  bnse«,  418. 

^^^H                             oca  of,  407. 

Caiutio  potash,  417. 

^^^H             lMd.499. 

iiodft,403. 

^^^^^^H              magnesium,  504. 

advontngtotaa  OR    cC 

^^^^^^H              potassium,  p  r op.  of ,  4 1 5. 

4a^, 

^^^^^^H                                 pure,  noiiroo 

Cement  copper.  563. 

^^^^1 

Cen^ent,  K^>man,  521* 

^^^^H                               uses  of,  410. 

C^Wuni*  MJl. 

^^^^^^1                              and 

Cluilk,  r>22.  4^7. 

^^^^^                                    gen,  416. 

C'h.iinclcon-iuincral,  532. 

^^^^^^              flodium,    flourcfs     and 

Charcoal  abaorhii  £»Be»,  303* 

diffbrcnt    gaan   fe 

^^M                                      uses,  3t^6. 

^^■^                              and  hjirogun,  398, 
m         Garbonatea,  334. 

difieretitpropur- 
ticnit,  3Cb. 

H                              BlkHlinOi   iiQpuritlea  of^ 
■                                 419. 

OKOites  ootnbinalion  <»f  eanib 
306.                        *^ 

K^  Carbomoadd,32K 

a  diainfcotant,  307, 

^^^^                         absorbents  for,  32C 

hot,  decomposes  dteam,  30L 

^^^^                        comp.  oC  3:)3. 

pbTsicaL  prop,  of  30IX 

^^^^^^r                  deooropo«^d    by 

r    ...,.»     '""■-' 

^^^^H                         oarbon,  33o. 

^^^^^^B                         potasEfiuni,  532. 

i                                                       .    -  ,      ._r-..fO. 

^^^^^H                 diasooiBtion  of.  331. 

3ua. 

^^^^^H                f onned  m  com  buation, 

Obenneal               _ 

^^^H 

ooiul^iiuhtion,  S2.               ^^^H 

^^^^^^B                      fermentAtion,328. 

mod  adiifi^^H 

^^^^^^^H                        respiration,  328* 

c<>o^ptf«d#3i^^^| 

^^^^^^B                 gcnprntor,  323. 
^^^^H                 liquid, 

l(m»,82.             i*™*-«;^™ 

stren^tb,  418.                     ^^H 

^^^^^^V                 Obtamed  from  oafbo- 

Cb^mifltrj,  subjoct-Qiattcr  of,  1«        ^^^| 

^^^^H                      nat^,  322. 

Chilt-Kilipetre.  51.                                ^^H 

^^^^H                  oco.  of,  327. 

Chimncjrs  erf  at**  dr£iiigbta«  355.               ^M 

^^^^^H                  prop,  of,  323. 
^^^^B                 eolid,  330, 

on  flro,  bow  ta  put  out       ^1 

m.              ^           ^M 

^^^^H                 tolubiUl  J  of,  326* 

use  of,  354.                         ^H 

^^^^^^^                  eourtx^  of,  in  the  air, 

Chlorate  of  potaialaiii,  ar^                ^^^| 

^^V 

1               d^^^H 

^^^r                          tnfnihe^of,  3S3w 

^^^1 

■                                t«»tfor,32L 

^^1 

^^^1 

^^^^                            disaociation  of,  340, 

4;^.           ^i^H 

^^^H                           econonw  in  burning 

Chlomnrates,  590*                             ^^H 

^^^__ 

Chlorhydnc  arid,  40.                          ^^H 

^^^^^K                    bcAtiiigiralu0of,d39, 

annl^^mc^f  02.       ^^^H 

^^^^V 

ooinp.  qU  IKi.          ^^H 

^^^^^H                  a  poiaon,  333. 

eliicUrolj^  oj;  1H.       ■ 

xin>xz« 


zlyii 


Chlorhydrio  add   ob,   pnp.   ci, 

Chlorhjdrio  add,  prep,  of,  102. 

prop,  of,  92. 

synthesis  of,  98. 

uaes  of,  103. 
Chlorio  add,  117. 
Chloride,  definition  of  term,  109. 
of  aluminum,  516. 

dissociation 

of,  239. 
prep,     of; 

114. 
sources  of^ 

439. 
iiseB0^4diO. 
arsenic,  262. 
boron,  369. 
bromine,  123. 
oaldum,  482. 

used  for  drj- 
inff    gases, 
4^. 
tube,  zziy. 
carbon,  362. 
gold«  used  in  pbotogva- 

phy,  457,  459. 
lead,  498. 
lime,  482. 
magnesium,  503. 
nitrogen,  114. 
potassium,  424. 
silicon,  decomposed  by 
water,  384. 
prep,  of,  383. 
sUtst,  effect  of  light  on, 
456. 
ooo.  of,  460. 
redaction    at 

461. 
solvents  for,  466. 
S0dimn,d92. 

solubilify  d, 
393. 
solpbnr,  197. 
sine,  506. 

a  disinfectant,  509. 
Chlorides  of  antimony,  275. 

terchloride^ 

275. 
^inquichlo- 
ride,  276. 
chromium,  523. 


Chlorides  of  gold,  589,  59a 
iodine,  132. 
iron,  550. 
mercury,  573,  574. 
phosphorus,  236. 

terchloride^ 

236. 
quinquichlo- 
ride,237. 
platinum,  593. 
selenium,  201. 
tin,  583. 
Chlorimetry.  485. 
Chlorine,  action  on  ammonia,  113. 
atomic  weight  of,  97. 
bleaches,  112. 
bums  in  hydrogen,  110. 
combustion  in,  110. 
decomposes  water.  111. 
disinfects,  113. 
ezplosiye  mixture  with  hy- 
drogen, 108. 
occ.  of,  106. 
oxidizing  action  of,  112. 
physical  prop.  of.  107. 
prep,  of,  105,  106. 
prep,  from  bleaching-pow- 

der,  483. 
prep,  with  bichromate  of 

potassium,  525. 
unites  with  metals,  109. 
-water,  107. 
Chloroform,  formula  of,  319. 
Chloroplatinates,  596. 
Chlorous  acid,  117. 
Chromates,  526. 
Chrome-alum,  524. 
-{preen,  523. 
-iron  ore,  522L 
-yellow,  527. 
Chromic  add,  525. 
Chromium,  occ  of,  522. 
Cinnabar,  570. 
Citrate  of  magnesium,  50^ 
Classification,  598. 
CUy,  519. 
Cleavage,  157. 
Coal,  bituminous,  294^ 
distillation  of,  293. 
varieties  of,  293,  294. 
Coal-gas,  comp.  of,  320. 

purification  o(  473,  546. 
Coal-lar,  312. 
Cobalt,  556. 


l^l^^«l^^^Hii^^^^^^B^l 

H        xlviii                                        uniKZ.                                                ^ 

n 

^1         Coohmeal,  ttnoiuTe,  pi^pftirAlioji  of; 
Hn       421. 

Cry^ali^  four  methodi  jf  oVrTnuit 

^^B  Coke,  203.  294. 

Cu]>elUtian,  494.                                  ^M 

^^^^             cooducU  Keon  2^. 

CyanVivdrio  acid.  3&3,                       ^H 

^m          Cold,  greata^t  artifiukd,  57. 

H          Collodion.  467. 

426.        ^M 

H          CoIloiO^^,  2lk\ 

m  blAii  ^H 

^H          Go) utn hi um.  585, 

tisoe«.43l9B 

^B          Combination  b^y  volume,  20S, 

UMs  of,  4lT~ 

^H          CombiniDg  weigh U  of  compounds, 

iron,  665. 

^^—^ 

silrer,  40a 

^^^H                                     of  organic  com* 

C]rmnogen»  363. 

^^^^^^^^                                 poundl^    de- 

^1 

^^^^^^^K                               tennmfition 

T>AGrKBIlEr>TYPK,  456.                                  ^H 

^^^^^H 

Di«fo1orizing  power  of  cbarOOftl,  SQ^^I 

^^^^^^^H                           ind 

^^ 

^^^^^^^H 

Dcfingrating-spooti,  xzL                      H 
Df  fliigration,  302.                              H 

^^^^^^»                                 com  pored, 

H                                       205, 2oa. 

Beodorixing  bj  charcoal,  306^,          ^| 

ehlorine,  1 13L           ^| 

^^H                           ordinjirv.  342-362, 

Dfitmction  of  orgnnic  luaitrr  tn  tmm 

^^^^^                           BfM>nlaneoiie,  2!29. 

of  poison  ing,  257. 

^^^K   Compound  mdiculH,  34)3. 
^^^B  Conaensnlion-niliois  2C^. 

Detection  of  arsenic,  2.52-2^12.        _^m 

DcTfl  opera,  a  term  of  plioiop&pll|^B 

^^^^   Ootidetifier.  M,  35. 

458.                                                   H 

^V           Cooling  flames  by  good  conductons 

Devitrifiefltion,  413.                            ^H 

■              358. 

Dialysis,  2,J4.                                      V 

^B           Copper^  ftUoji  of,  564. 

applied  to  deteetioD  of  poi- 

^K                       extraction  of,  56^ 

mms^  25G. 

^^^                occ  of.  ^^2. 

v\.r.'                                   ^ 

^^H                 prop  of.  5(i3. 

!>n                                                                         ■ 

^^^^"                  pynt<'»j  5(>2. 

Dic.ijiMit.v  ol    '^-^rv-f    M^7.                    ^H 

^m           Copperas,  551. 

'.•7.           ■ 

^H           Onrlc-cutlera  or  borers,  zii 

Difhrtimate  ol                                    ^H 

^H           CorkH,  xi. 

Bidvmium,  5<'iL                                 ^B 

^H           Correlation  of  force,  fiO?. 

DiffuaioD  of  carbonic  acid,  025.       ^| 

^H           Corrosive  sublimate,  574 

gasea,  43,  32ft               jM 

^H                                          nniidoie  for,  575. 

nipiditT  of,  iSiS^^I 

^H           Cream  oi  tarttir,  424. 

DimorpTion?  c-t^  *--       rJeiSned.  16^| 

^H           Cruciblca,  Beaufajr,  H<<ea)aii,  pltini- 

Dioxide  of  ct  1                                   ^H 

^^^^                                          baj(o,  xjudiL 

■ 

^^^^H                     porceUm,  ixtil. 

^^^^P                              llOW  to  U9C.  miT. 

Direct  comb  i                                       ■ 

DiBinfectant,                                       | 

^^^                       material  of,  520, 

cblurKk'  of  zuic,  5CJ8, 

■           CryoUte,  fTOL 

chlorine.  112,  113. 

^H           Ctjf  till  tine    lorm,    a    gimrantj   ol 

bjpocliiorite    of     oil- 

^H                                                puritjr,  435. 

cium.  4&L 

H                                  stnidare,  157. 

oame,  M4. 

^H           CxTstalluation,  ilie  clilei  meaos  of 

perttuifigiiuateof  poli^| 

^K                                        purification.  397, 

t<.tuni,  533.              ^^M 

^^^ 

8u1pltU'.H>ua  acid,  I91^| 

^^^H                            li^  fujdon.  156. 

^^^^                             a  IX  sy&iemM  of,  156. 

^M 

H          CryitaUoidi.  254 

Dissociation,  238*                           ^M 

nn>xx« 
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Distillation,  the  process  of,  34. 
Dolomite  503. 
Drying-apparatus,  xziiL 
gases,  xiii. 

substances   used  for, 
xxiii. 
plastering,  476. 
Doalistio  formula,  87. 

Eabthsitwahx,  520. 
Effervescing  liquids,  327. 
Sleotroljsis  of  ammonia,  78. 

chlorhydrio  add,  94. 
marsh-£as,  317. 
-water,  24. 
SleofaNhmetallurgy,  668. 

batteries,  607. 
silyer-platinff, 

463. 
use  of  graphite^ 
290. 
Eleobo-plating,  463,  568,  690. 
Biement^  definition  of,  3. 
Elements  are  bodies  incapable  of  de- 
composition, 33. 
Empirical  formulsB,  86. 
Epsom  salts,  603. 
Equations,  chemical,  90. 
Erbium,  661. 

Erdmann's  swimmer,  Tfii. 
Etching  glass,  138. 
Eraporating-dishes,  xzxii. 
Enplosion  of  oxygen  and  hydrogen, 

Explosions  in  coal-mines,  314. 

FiLDSPAB,  375,  619. 
Fermentation,  328. 
Eerrio  diloride,  650. 

hydrate,  used   in  pnriffing 

gas,  546. 
nitrat^  564. 
oodde,  643. 

corrodes  organic  mat- 
ter, 644. 

reduction  of,  644. 
salts,  647. 
sulphate,  664. 
Ferrioyanide  of  potassium,  655. 
Ferroqyanide  of  potassium,  427. 
Ferrous  chloride,  550. 
nitrate,  554. 
oxide,  543. 
salt8/;hangedintoferrtc,656. 


Ferrous  sulphate,  551. 

dyeing  black  with,  663. 
sulphide,  prep,  of;  647-649. 
Filtering,  xxii. 
Filters,  bow  to  fold,  xxiL 
Filtrate,  definition  of,  adL 
Fire-brick,  620. 
Firedamp,  314. 
Fireworks,  a  green  color,  488. 
purple,  436. 
red,  488. 
white.  263. 
Flame,  dissection  of,  348-860. 
intensity,  346. 
luminosity  of,  343. 
oxidising,  352. 
put  out  by  good  condufltorsi 

quantity,  346. 
nducing,  353. 
structure  o(  48,  348-36a 
FUming  firas,  360. 
Flasks,  xxriii. 
Florence  flasks,  xxriii. 
Fluoboric  acid,  371. 
Fluorhydric  acid,  136. 

action   on  Biliei» 
137. 
Fluoride  of  boron,  370. 
calcium,  136. 
silicon,  its  reaction  with 

water,  388. 
prep,  of,  386. 
▼olumetriccomp.  of,  387. 
Fluorine,  136. 

hard  to  get  and  keep,  136. 
occ.  of,  136. 
Fluosilioates,  389. 
Fluoailidc  add,  prep,  of,  888L 

a  reagent  for  potas- 

sium  salts,  390. 
a  use  of,  118. 
Flux,  used  in  smelting  iron-ores,536. 
Fluxes — alkaline  carbonates,  416. 
borax,  409. 

cyanide  of  potasdum,  427. 
bmestone,  636. 
sulphate  of  potasdum  and 

hydrogen,  428. 

tartar,  ignited,  424. 

Formul»,  empirical  and  rational,  86. 

molecular,  208. 
Foundry-iacings,  291. 
Free  gases  exist  as  moleoules,  'ML 
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Freeang-apparafcus,  77. 

mixtures,  see  Befrigerating. 
Friction- matclies,  211. 
Fulminating-silver,  455. 
Fusible  alloys,  510. 
Furnaces,  xxxr. 

Galena,  490,  497. 
GKilvanic  current,  506. 
Gas,  illuminating,  293,  297,  320. 
G«s-bumers,  346. 
-carbon,  292. 

-generator,  self-regulating,  zxri. 
-holders,  iviii. 
-lamps  for  heating,  344. 
Ghiy-Lussac's  burette,  xxz. 
German  silver,  557,  564. 
Gilding,  590. 
Glass  of  antimony,  277. 
Glass,  colored,  413. 
oomp.  of,  412. 
etching  of,  138. 
not  insoluble,  411. 
varieties  of,  412. 
Glass  beakerH,  xxviii. 

cutting  und  cracking  of,  i. 
flasks,  xxviii. 
retorts,  xxviii. 

tubing,  bending,  drawing  and 
closing,  iii.-v. 
heating  of,  iii. 
sizes  and  qualities  of,  i. 
Glauber^s  wXt,  395. , 

solubility  of,  395. 
supersaturated    solu- 
tion of,  306. 
Glazes — ^lead,  feldspar,  salt,  520. 
Glucinum,  522. 
Gold,  alloys  of,  591. 
coin,  591. 
occ.  of,  587. 
prop.  of.  588. 
saltjj,  590. 

separation  from  silYer  alloys, 
464. 

silver       and 
copper,  569. 
solution  of,  589. 
Gblden  sulpliide  of  antimony,  279. 
Graduation,  392. 

Gramme,  definition  of,  19,  xxxviii. 
Graphite,  290.     . 

artifici.d,  292. 
in  cast  iron,  538. 


Ghraphite,  use  in  eleciaro-metaliiixfy. 

290. 
Graphitic  acid,  292. 
Graphon,  292. 
Gray  iron,  538. 
Green  vitriol,  551. 
Grey  antimony,  277. 
Group,  the  alkali,  464. 

calcium.  489. 

carbon,  390. 

chlorine,  133. 

magnesium,  51 L 

nitrogen,  2S5. 

platinum,  596. 

sesquioxide,  560. 

sulphur,  202. 

tin,  585. 
Groups,  principles  conoeming,  135i 

table  of,  598. 
Gun-metal,  564. 
Gunpowder,  cjmp.  of,  432. 

manufacture  of,  433. 

products  of  oombustioo 
of,  432. 
Gypsum,  476. 

Hahd  water,  468,  479. 
Hartshorn,  84. 

Heat,   relation   to    chemical    foroe, 
418. 
uirit  of,  45. 
Homologous  series,  313. 
Hydrate  of  aluminum,  514. 

calcium,  472. 

copper,  566. 

iron,  545. 

potassium,  416. 

sodium,  prep,  of,  402. 
type  of  ba.ses,  403. 
Hydraulic  cement,  504,  521. 
Hydroi^arbons,  312. 
Hydrogen,  chemical  effect  of,  129. 

derived  from  watt»r,  22. 

diffiLsive  power  of.  43.  44. 

explosive    mixture    with 
oxygen,  48,  49. 

heating  power  of,  45. 

inflammable,  44. 

lightness  of  42. 

peroxide  of.  .W,  51. 

physical  prop,  of,  41. 

precautions    in    making, 
40. 

prep,  of,  39. 


^                                           nrBsi.                                          H       ^H 

^V        Hjdfogcn,  standartl  of  specilic  gr»- 

Iron,  cut,  impurities  of,  539.             ^^^^M 

^H                                  vily  for  gates,  41* 

Tari^tiM  of,  5;)8.                  ^^^^| 

^H        HjpobroinouBAcid.  122. 

eitmetioT)  of,  535.                        ^^^^| 

^H         Hjrpochloric  acid,  1 17* 

galranized,  506.                             ^^^^| 

^^m         Hypochlorite  of  cakium»  482, 

mordant,  555.                               ^^^H 

^^H         Hvpoclilorous  Acid,  11^5* 

000.  of.  534.                                        ^H 

^H         Hjpocitric  add,  comp.  of,  61. 

orea— brown,  da^.  red  h»-           ^H 

^H                                      prep.  of.  G2. 

matite,  magnetic,  apatbiOi            ^^M 

^V                                      prop,  of,  6^ 
P               HTpophospTiitos,  228, 

BDonular,  534.                             ^^^^M 
puddling  of.  539.                           ^^^1 

1                 H  jpephospborous  acid*  227, 

pjritM,  549.                                    ^^^M 

1               Hypoflalphito  of  Bodium,  i>r6p,  ofi 

n^pkt^a  oopper,  551.                   ^^^H 
wrought,  53d.                                ^^H 

^^^                                                  uae  in  pbo* 

Iron  retort,  tsjI                                    ^^^^M 

^m                                 togripbj,413,4J0. 

Iron   fftand  for  supporting  TMBela,          ^^M 

^H       HjpoinlptiitoB,  196. 

^^^H 

^H        H/poe\iiphurau8  add,  196^ 

Isomerism,  247.                                    ^^^^| 

laomorphism,  2001                                ^^^^| 

^B        Icx,  erywtah  of,  21. 

^^^^H 

^H                lighter  Uii&n  waterp  2L 

Kaolin,  519,                                *     ^^^H 

^H        Ignitioii-tube.deiinition  of,  S. 

Kelp,                                                   ^^H 

^^H                                 manner  of  using,  8, 1 L 

Kenned  mini^ral,  279*                             ^^^^H 

^H        niumnatrng  gaa,  2U3. 

KiQdling-t«inpcmt:  re,  357*                   ^^^^| 

^H                                      d(^fcrlption  of,  320, 
^^K                                  mAnufacture  of, 

^^^^H 

IiAKsa,  516.                                        ^^^H 

^^^                              2^7. 

Umpblack,  295.                                   ^^H 

^^^^H                           purification  of,47d; 

manufacturo  of,  299.          ^^^^| 

^^^^                               546. 

lAmp-flamei  are  ga»«flamea,  347*           ^^^^| 

^H         loCTtiitations  in  boilerm  468^  470. 

Lamna  for  laboratory  uae,  Ti-rtii*               ^^M 
Lanthanum,  561.                                           ^^B 

^H         Indelible  ink,  459. 

^H         Tndo^mirtibilitT  of  mattdr,  S56. 
^H         Indian  fire,  2G3. 

lAughing'gaei^  57.                                             ^^U 
LaToisior,  hia  anal  jaia  of  air,  9l             ^^^H 

^1         Ink.  553. 

Lead,  action  of  acids  <m,  491.               ^^^^H 

^1                indelible.  463. 

water  on,  492.                ^^^^| 

^H        IntansitT*  flamea,  346t. 

dassMi  with  tlic  calcium  groups     ^^^^| 

^m        Iodic  atnd  ISO 

500.                                                 ^H 

^B        Iodide  of  arsenic,  263* 

crystallization  of,  491.                  ^^^H 

H                        lead.  499. 

extraction  of,  490.                       ^^^H 

^H                       nitrogen ,  131. 

forms  basic  salta,  495.                 ^^^^| 

^^ft                      potaBauin,  425. 

metallic,  prop,  of,  490l               ^^^^| 
teatins  for,  497.                          ^^^M 

^B                       nlTer,  463. 

^^m                       sodium^  394. 

tr«e,  507.                                      ^^H 

^H        lodideti  of  pboffphonui,  240. 

QM  of,  for  water-pipea  tnd  da*         ^^B 

^H         lodijoe,  extraction  of.  124, 

tmia,  493.                                      ^M 

^H                    manufacture  of,  132. 

Loblonc'aprooesa,  307.                                  ^^M 

^■^              occ  of,  123. 

waatafulneaaof,400.           ^H 

^^^L           prop,  of,  124. 

Li ght,  action  of,  on  silrer  salta,  458.              ^^M 

^^^^^F            reaction  with  starch,  12^ 

bichromate  of  po*           ^^| 

^^§                   testing  for.  126. 

taaaium,526,               ^M 

^m                    uaes  of,  125. 

Light  carbm^ttod  bydrogim,  313.               ^^M 

^H        lodobjdric  acid,  prep,  oi,  128. 

Lame,  air^laked.  471*                             ^^H 

H                                 proD.  of,  128. 120* 
^H        lodo-starch  mper»  1227. 
^H       Iridium,  59oL 

the  cheapest  base,  476.                 ^^^^H 
heat  erolfed  in  slnkmg,  47S.       ^^^^t 

milk  or  cream  of,  4?i,               ^^^H 

^^M 

^^^r  ^  i^^^l 

^H^HHH^ 

^m         lii                                         iKDEX.                                          ^^^1 

^^^^      lime,  ilaJtwi,  absorbs  carbonio  and 

Merouij,  t&advncr  ^o  fnrrn  ^gnat^^U 

Pomp^^                                   ^H 

^^^B                uses  of,  476* 

anit-ro]                    W.ilf  ill     ^M 

^^^^       Limcfltone,  -R)?. 

atomic  \vr  ig?i(,  .j7u,             ^H 

^m            Littuirge,  494. 

iiie.4  of,  57  L                             ^| 

^m            LitbiuiQ-dame.  444 

Metsal,  meaning  of  the  term,  451.           ^H 

^m                           occ  of.  443. 

Metaatitnoniatea,  27.7.                              ^B 

^H                            resembles  sodiain  and  po* 

Metantimonic  acid,  274.                            ^H 

^m                              UMiura.  443. 

Metaphospbate  of  siher,  407.                 ^H 

^H            LitmuB-pnper.  53. 

9(3ditirn,  407*               ^H 

^H                         linoiure,  prep,  of,  42Q. 

^H             Lirer  of  sulphur,  42S. 

MetAJ^tannieiirrid,  561.                              ^H 

^H             Liiminoj^itY  of  fitimes,  343. 

Meteoric  iron,  534,                             ^^^^| 

^H             Luminoufl  Qamod.  form  of,  350. 

Metre,  deGnition  of,  irrrt*            ^^^^H 

^B            Lunikr  caudtic,  453. 

Metrical  »jitem  of  weights  atid  M^^^H 

8ure«,  nxyi.                                  ^^^^H 

H             lUaNKSiA  alba,  504. 

Mica,  375.                                          ^^M 

^H                             cmdblas,  50Sw 

Mierncosmic  talt^  407-                       ^^^H 

^1                             hjrdraolio,  502. 
H             KafTDDStto.  503. 

Mi  Tit  am,  4im.                                     ^^^H 

Molir*»  bur«tt4»,  txx.                        ^^^^H 

^B             Mag&eaium  light,  501. 

Moleoukr  oonditTon    of  eleiBMM^^^^| 

^^^^                         tb©  meUl,  prop,  of,  601. 

gAJsai,  2tiT.                  ^^^1 

^^^                        ooo.  of,  601. 

bypolhest^  30.              ^^^H 

^^^P                        ■alta.fromnjotbef'liquor 

Molecule,  definition  of.  29.              ^^^| 

^^f                                    of  ialt-wro?ks,  393. 

Molrbdate  of  ammomum*  58ft.       ^^^H 

^H             Manganate  of  potaasium^  531. 
■             Maiigaiial^,5Sl. 

Molybdenum,  585.                                   ^H 

Monoatomic  metala,  73,                   ^^^^1 

^H            Kanganaie^  ooo.  of,  527* 

Mnrilant,  use  of,  olQ*                        ^^^^1 

M  ordan tJi,  5 16.                                 ^^^M 

^1             IfangBnio  acid,  531. 
K^      Mudi-gM,  313. 

Mortar,  474.                                   ^^H 

Mortars,  nxir.                                ^^^^1 

^^^K                        analjna  of,  316^ 

M,>Haie  gold,  583.                                 ^^H 

^^^^B                        pr«<p.  of,  314. 

Mtiltiple  proportional  low  of;  66b          ^| 

^^^^                         two  vola.  yield  four  Tola. 

Muriaiio  acid.  40,  91.                              H 

^H                                 of  hjdrogen.  315. 

^m             ManVa  U)«»t  for  areooic,  259. 

^^^H 

■             Hatohaa.  211,  219. 

Na^c^itt  state,  90.                           I^^^l 

■              Matter,  indeatriuiibility  of,  355. 

Neutral iiuiti an,  .54                           ^^^H 

^H               Meiuiurin^-glfuise^  nix* 

Nickel  r>:S,                                             H 

^L             Kereiiric  chloride,  574. 

Nitrate  of  ammonium,  441.                   ^H 

^^^H                                     an  untiaeptic,  575. 
^^^^H                                    forms  double  rhlo- 

pfvpw  of,  53i      ^^1 
oalcmm.  485;                        ■ 

^^^^^^__                               rine  lalta. 

oopper,  oW.                           ^^M 

^^^^^^B            iodide,  changoB  of  oolor  of, 

hid,  deoom  po^i  tion  oC  08^     ^| 
made,  61,  62.          ^^B 

^^^^V 

^                   wd<s  572. 

potaaaium.  oce.  of.  42^^^^H 

^^^V                                w  a  source  of  oxTgen, 

prtip.  of,  4J^^^H 

^^^ 

lilTor,  463.                    ^^M 

^H             Morcuroof  chloride,  573. 

auiina  of.  f«toQf«d,    _■ 

^H                               oxide,  57  L 

42rK4S7.          ^^H 

^V              Mflcouiy,  ailoTt  of,  576. 

sodium,  rtirj,                   ^^H 

^^^                       deteotion  of.  577. 

Nitratea  of  iron,  .V>4.                       ^^^^1 

^^K                     flttrafltton  of.  570. 

xtttmuFj,  &76.              ^^^1 

^^^H                     pDMunitk  trough,  xri. 

Nitre,  430*                                     ^^M 
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Nitre-pupflr,  d64, 4Sa 
Nitric  acid,  analjrsis  of,  63. 

anhydrous,  69, 70. 

prep,  of,  460. 
oombiiiing  weight  of,  73. 
monohydrated,  70. 
prep,  of,  52. 
■oiiroes  of,  51. 
uses  of,  71. 
Nitario  oxide,  analysis  of,  60l 
prep,  of,  68. 
a  test  for  free  oxygen, 
d9,60. 
Nitride  of  boron.  371. 
Nitrogen,  a  constituent  of  air,  10. 

dilutes  the  oxygen  in  air, 

18. 
obtained  from  air,  16. 
physical  prop,  of,  17. 
prep,  by  copper,  16. 

phosphorus,  17. 
widely  diffused,  1& 
Nitfous  acid,  63. 

oxide,  comp.  of,  55, 56. 

physical  prop,  of,  57. 
prep,  of,  54. 
supports  combustion. 

Nomenclature,  prefixes  derived  from 
Qreek and  Latin  nu- 
merals, 174. 
the  prefix  hypo*^  61. 
the   termination  ide^ 

174. 
the  terminations  cfiu 
and  tc,  6a 
Nordhaosen  aeid,  192. 
Norium,  561. 

OcBU,  red,  543. 

yellow,  543. 
Oil-bath,  xxri. 
Oil  of  Titriol,  manufacture  of,  184- 

186. 
Organic  analysis,  566. 

chemistry,  defined,  312. 
Orpiment,  263. 
Osmium,  596. 

Oxidation  by  platinum-bliok,  595. 
Oxide  of  aluminum,  514. 

calcium,  470. 

magnesium,  502. 

silicon,  375. 

alfer,  a  strong  base,  455. 


Oxide  of  sine,  006. 
Oxides,  definition  of,  14. 
of  antimony,  272. 

teroxide,  272. 
quadroxide,273w 
quinquioxide, 
274. 
■rsenio,  245. 
bismuth,  282. 

teroxide,  282. 
quiuquioxide, 

283. 
chlorine,  series  oC  116. 
chromium.  522. 
cobalt,  557. 
iron,  542. 
lead,  492. 
manganese,  527. 
mercury,  571. 
molybcCenum,  585. 
nickel,  557. 
nitrogen,  series  of,  6fi. 
platinum,  593. 
silver,  455. 

sulphur,  series  of,  175. 
tin,  580. 
tungsten,  586. 
uranium,  558. 
Oxidizing  agents,  defined,  71. 
Oxychloride  of  bismuth,  284. 
Oxygen,  abundance  and  importance 
of,  15. 
burning  charcoal  in,  13. 
iron  in,  13. 
phosphorus  in,  13. 
sulphur  in,  13. 
•  boms  in  hydrogen,  50. 

a  constituent  of  air,  9. 
explosiTe  mixture  with  hy- 
drogen, 48,  49. 
physical  projfwrties  c^^  19. 
precautions  m  making,  11. 
prepared  from  bichromate  of 
potassium, 
625. 
Ueaching-pow- 

der.  4M 
chlorate  of  po- 
tasBium,  11. 
peroxide  of  ba- 

ri  um,  487. 
sulphuric  acid, 
196. 
fopports  combustion,  13. 


^^^^^^■^^^^^^^^^IH 

^m       fir                                     xRDiir.                                       ^^H 

^m          OirhTdroeen  blowpipe,  4S, 

Plioephom  acid,  anhf  elpouf .  MnHf     H 

m       oione.  m. 

oL  fur  w»icT,  :i;a     ■ 

^t^^                  Blmoflpheric,  145. 

gUHni  t!niv               H 

^^^^                a  diain footing  agent,  144. 

fr^                     2fO.           ■ 

^^^H                dutinguished  i'rom  antozone,  ' 
^^^■^               inHueTice  on  health.  14(>. 

Phosphoroua  acid.  ^                                  ^| 

^^^^^^^          prep,  by  elf^ctridtr,  141 , 

-  '.^v.L      ■ 

^^^^H 

Phosphorus,  aDotrupium  uL  2Ju.            ^| 

^^^^^^K                       permanganate  of  po- 

buiMU  uiidijr  vtninr,  4dS.        ^^ 

^^^^^^^K 

OOinhinaLioTis  of,  21Si.            ^^ 

^^^^^^^H                       phosphorus,  140. 

oominori,  If  12,                          ^| 

^^^^^^       prop.  of. 

oomv'^             ^-Tvlwilh      H 

^^^V                 reeembles  ehlorino^  143. 

^1 

^^H                 teatfi  for,  143,  144. 

OOtnp*'                 4  tljdf<>>      ^H 

H          Osonidem  147. 

g«n.  !ilU                              ^1 

inmin-»niiTb)TitTor2ia        ^| 

^H                PALtAVllTlf,  596. 

<>oC314.  ^^H 

^K            Faraffine-batb,  xivL 

^^^1 

^^^H      PanOitnettt  ;iupeT,  255. 

OXlur-v  (j[,  i2G.                    ^^^^H 

^^B      Poarhiflh,  415. 

poiionoua,  214.                   ^H 

^^V     Pear^white,  284. 

Kd,  2lfi.                      ^^M 

^V            Perchloric  acid,  1 18. 

oonv^rtml  ii$load^^^^| 

^H            Periodic  acid.  131. 

216.      ^^^^1 

^B            Pennmngaixatoof  potaanum.  5^2. 

orT9tAl]i?M,2l7*        ^1 

^H                                               adiVinfcGtantt 

onde  oC  22ti               ■ 

H                                                   53a. 

prep,  of,  218.                ■ 
oaed      on     infetf-      H 

^H             Permanganio  acid^  532* 

t.v.t.l,.,-    ojg^               ^ 

^H             Peroxide  of  barftim,  prep.  of.  487. 

fihitif'^                    't\!8l3L      ^H 

^^^^                          hydrogen,  prep,  of,  l.'>2. 

^^H                                    add.  49t$. 

224.                                     fl 

^^^H                                   an  oxidizing  agent. 

Phosphuretted  hydrogen.  MuUfidi  o^     ^| 

^^V                                prep,  of,  495. 

^V            Pemulpbide  of  hjdrogei),  17d. 

llc|                                        ■ 

H             Petrifactioas,  calcareouA,  468. 

prtV   "                    V 

^H                                  tilioeoua,  37S. 

■            F^»wter,  585. 

pho-in  '.w         1 

^H             Phofpluite  of  magnrn um  an d  immo- 

ofca'oian^ 

^H                                      Dtum,  54)4. 

2"K 

^^^                          iiker.  44H>. 

toiid^^m   .^hI 

^^^^fe                            lodium, ammonium  .and 

Photography,  456-460.                   ^^H 

^^^^V                                 hydrogen.  407* 

on  glait.  457.            ^^M 

^            FhOAphfttoa  of  calei  u  tn ,  48 1 . 

paper,  46a           ^H 

^K^                              ■odiumr4<J6. 

Pbotolitbographj,  520.                   ^^H 

^^^^L                                          rhombic,  405t 

PhvHioid  tihangm,  1.                          ^^^^| 

^^^H                                        pyro-,  40n. 

Ptncera,  xeot,                                   |^^H 

^^^                                         met*-.  407* 

,    Pink  wit,  6<*4.                                  ^^^M 

H^                               ^Tietiee  of  234. 

Pipett«e,  ZX11.                                         ^H 

^K            Phnnphidoof  oulmim.  221. 

Plants  and  animaU,  r«e{pfoe»l  i^^^H 

^H              Pho9r>hnrc>)Krcn«'.  212. 

tion  of.  3:1111.                                 ^^^H 

^H             Fhoflpl  loric  ttoid,  auh jdroufl,  23 1 . 

Planter  ol  Pari«,  477.                      ^^H 
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Plaster-oasts,  477. 
Plastering,  com  p.  of,  476. 

dampness  of,  475. 
Platinized  asbestos,  19^ 
Platinum,  alloys  of,  592. 
black,  595. 
cleaning,  xxii. 
foil  and  wire,  xxi. 
induces  combination,  182^ 

193,  306,  593,  595. 
melting  of,  353. 
metals,  59t>. 
ooc  of,  591. 
prop,  of,  592. 
sponge,  prep,  of,  594. 
uses  of,  593. 
Tessels,     precautions     in 

using,  592. 
working,  one  method  aS, 
595. 
Plnmbate  of  lead,  497. 
Pneumatic  troughs,  construetion  and 

use  of,  xiv-xviii. 
Porcelain,  520. 

dishes,  xxxii. 
Potash,  obtained  from  ashes  of  plants, 

415. 
Potassium-flame,  423. 

metallic  422. 
occ.  of,  414. 
salts,  test  for,  594. 
Product-Tolume,  defined,  207. 
Protoohloride  of  copper.  5(57. 
tin,  583. 

a  reducing   •- 
gent»i)83. 
Protoxide  of  chromium,  salts  of,  523. 
copper,  565. 
leaci,  494. 
manganese,  52& 
tin,  580. 
Prussian  blue,  5.55,  556. 
Pnissic  acid,  363. 
Puddled  steel,  541. 
Puddling  iron,  prooes  o^  539. 
Pulyerizmg,  xxxy. 
Pyrites,  549,  562. 
Pyritous  shnles,  use  of,  550. 
Pyroligneous  acid,  298. 
Pyropborus,  of  carbon  and  lead,  492. 
Pyrophosphate  of  silyer,  406. 

sodium,  406w 
P;yropho6pboxio  add,  233. 


Quantity  flame,  346. 
Quant i valence,  465. 
QuATtation,  590. 
Quartz,  375. 
Quicklime,  470. 

manufacture  at,  471. 
Quicksilrer,  570. 

Quinquichloride  of  antimony,  276. 
phosphorus,  237. 
dissocia- 
tion of,  238. 
Quinquichlorides  of  antimony  and 
phosphorus,  ohloridizing  agents, 
277. 
Quinquioxide  of  antimony.  274. 

bismuth*  283. 
Quinquisulphide  of  antimony,  280. 

Radicals,  compound,  363. 
Rational  formulae,  87,  89. 
Realgar,  263. 
Red  lead,  manufacture  and  uses  of, 

496. 
Reducing  agent,  defined,  71. 
Reduction  of  metals  by  carbonicoxide, 
339. 
oharooaS,  300, 
321. 
Refrigerating  mixture — ice  and  salt, 
180. 
nitric  oxide 
and  bisulphide  of  carbon.  57. 
saltpetre.  432. 
sulphate  of  sodium 
and  chlorhydric  acid,  396. 
Rein8ch*8  test  for  arsenic,  253. 
Replacement,  41,  404,  508. 
Respiration,  329. 
Retort,  iron,  xxru 
use  of.  34. 
Retorts,  xxviii. 

Revivification  of  animal  oharooal,S09. 
Rhodium.  596. 
Rochelle-powders,  399. 
Rock-crystal,  376. 
Rouge,  jewellers',  54S. 
Rubidium,  446. 
Ruby,  514. 

Rust,  of  tin,  iron,  mercury,  &c.,  con- 
tains something  derived  from  tlie 
air,  7-9. 
Rusts  are  oxides,  14^ 
Ruthenium,  596. 
Batil0,577. 


^^F  iZ^^^^^^HH^Hm 

H              Ui                                                          XTBEX.                                                                         I 

^1            8i.rxTT>lAmpa,  359. 

Siliciuretted  liTdrojErm,  374.                   ^ 

H                         .matchet,,  218. 

Siiicont  abundance  of,  372. 

^M            Saline  Uste.  and  aubstnnoe,  S92, 

allot  ropic  caiiditioTi«of  372* 

■             Sali»  decrepitation  of,  39^ 

atomic  Wi     '            '  L*.  IH5t 

H                     gla^e,  3VI4. 

oompoitn/i                   MJro^w 

^^^_              nuiimfaottire  of,  3D2. 

and  clil  >, 

^^K            solubility  of.  mS. 

prep,  of  Ibe  three  modiiba* 

^^^^P             sourooH  of,  39 L 

tions  of  373. 

H                    uies  of.  394. 

prop,  of,  373.  374. 

K            Saltpetre,  42VJ. 

Silver,  atomic  weight  of,  401. 

^^^^1                       manu  fact u  red  from  nitrate 

coin,  453. 

^^^^B                               sod  i  u  in .  4-  !< ). 

cxii'a<nu»n  of,  449, 

^^^H                       Dot  uxplotiive,  431. 

mitlk-iL  absorba  ocKjgen,  4S^^^^J 

^^^^B                        plaiitatioDS,  4:#i^ 

occ.  or  44^.                       ^^^H 

^^^B                     purification  of,  429. 

prtHiipiUitmn  ot  4M,           ^^^| 

^^^V'lipphire.  514. 

quantitaiive  delerminatioo  oC^B 

4tK).                                             ■ 

^^^V    Saturated  aoIutiocR,  37. 

■opar.                 IcadbTcm- 

^^^H      Sell wein fun  ^^N?n,  a70* 

tali:                .i; 

^^^V     Scn^w  coriipred^r.  xxr. 

Intion,  4m. 

^^^H      Selenhydrio  acid,  2tU. 

^^^m      fiel^niteii  and  f$oleniateA  i^morphous 

iolY^nta  for,  4.^2,                   ^^m 

^K                with  Bulphites  «nd  sulpha  tea,  200- 

Silvering  of  mtrrora,  577.               ^^^^M 

^1             Selenium,  ooc.  of,  U»8. 

Sbig,  finenr,  551.                               ^^^1 

^H                              prop,  of,  199. 

of  iron  fumacoi,  536L            ^^^| 

^M                            Boui-cfle  of,  199, 

Smalt,  557.                                     ^^M 

^^_^     Sorpenline.  d«i3. 

Soap,  hard,  405,                               ^^M 

^^^B     Sctqudcarfaonate  of  nmmoninm,  442. 

soft,  417.                                       W 

^^^B      BMquloiidB,  tlie  term,  513. 

Soda'aah,  manufacture  of.  3^909^^^^| 

^^^B                          of  chromium,  523, 

-orr^trtU                                  ^^^H 

^^H                                                 Baltfl    of, 

grWr^                                        ^^^1 

^^m 

-powdrr^  ol'U.                          ^^^^M 

^^^1                             iron.  543, 

^^H 

Sodiuui-afnal^am,  9^                       ^^^^| 

^M            Slio^  arsenic  added  to,  243. 

.flarni^                                    ^^H 

^^^      Silicatea,  379. 

oco.  ui;                             ^^H 

^^m                   alkaline.  soTuble,  380, 

prop,  of,  400.                      ^^^1 

^^^^^             oln&te^  of,  380. 

prup.  of,  401.                     ^^H 

^^^^^^^L            dpcotnpoiiition  of,  381, 

Soldor,  585,                                             ■ 

^^^^^^^K           fuBod    witli    nlkuline   oar- 

Soldering,  uaa  of  obloridp  of  sine  in,     H 

^^^^^^^H                bonatei,  415. 

,M»V  TrfRt.                   ^ 

^^^^^K 

«a)*ammaniae  ia« 

^^^^^^^m                alumintim,  519. 

579. 

^^^^^^1 

Solubla  gliia,  380, 

^^^^HP"                nodi  urn,  making  of^  410l 

Solution  tnd  rhmmVnl  ftnti^li^iitiup          J 

^^^^^Bllic«K>u9  p&tnfHCtions,  377. 

^^^^^M 

^^             Siiiotti  acid,  coin  position  of,  382, 

^H 

^^^1                          double  ^i\fa  of,  3m. 

be                              J  ifT^^^M 

^^^B                           in  natural  wtiU^rn,  377. 

^1 

^^^^^^^_,                iaomerie     luodiiiontions 

bou  :.    ,.,  ( ,  ^^rvO,      ■ 

^^^^B 

37. 5:^4.                                 ■ 

^^^^H                oa!L  of. 

o(  giuie«  in  water,  07.              H 

^^^^^^B               prop,  of,  378. 

SpntuljT,  xxxr.                                           ■ 

^^^^^H               aolublo. 

Spcdilc  gravity,  definition  o(  2Ck           H 
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Specific  heat,  definition  of«  20. 

heata,  Talue  of,  602. 
Spectmm-analjria,  444. 
Spongy  platinum,  594. 
Spontaneous  oombuation,  229. 

of  coal,  550. 
Spring  dip,  xrr. 
Stalactitea,  468. 
Stalagmitea,  468. 
Stannate  of  sodium,  prep,  of,  582. 
Stannates,  581. 
Stannic  acid,  581. 
Starch-paste,  prep,  of,  126. 
Steam,  physical  prop,  of,  21. 
superheated,  21. 
Tolumetric  oomp.  of^  29. 
Sted,  Bessemer,  541. 
blistered,  540. 
oast,  541. 
puddled,  541. 
tempering,  542. 
Stereotype-metal,  268, 
Stone,  artificial,  4ia 
StoTe-polish,  290. 
Straw  rings,  xxxiiL 
Strontianite,  488. 
Strontium,  486. 

compounds,  48S-48a 
flame,  489. 
Stuoeo,  478. 
Suboxide  of  lead,  493. 
Substitution,  defined,  41. 
Sugar,  purification  of,  308. 
Sugar  of  lead,  499. 
SuTphantimoniates,  280. 
Sulphantimonio  add,  280. 
Sulphantimonites,  278,  279L 
Sulpharseniates,  265. 
Sulpharsenites,  264. 
Sulphate  of  aluminum,  517. 
ammonium,  440. 
barium,  487. 
caldum,  476. 

reduction      of^ 

481. 
stuffing  for  pa- 
per, 435. 
diromium,  524. 
copper,  56i3. 
lead,  499. 
magnesium,  503. 
potassium,  428. 

and     hydro- 
gen. 428. 


Sulphate  of  silyer,  464 

sodiam,  manufiMstmne  of, 
394. 
and    hydrogen, 
396. 
lino,  509. 

redaction- oC  500. 
Snlphates,  191. 

of  iron,  551-554. 
mercury,  576. 
Sulphide  of  arsenic,  precioitation  of^ 

reduction      oit, 
259. 
boron,  371. 

lead,  Tolatility  of,  498. 
silicon,  390. 
silver,  463. 
SolphidM  of  ammonium,  442. 
antimony,  277. 

tersulphide, 

277. 
quinquisul- 
phide,280. 
■nenio,  bisulphide,  263. 
tersulphide, 

263. 
quinquisul- 
phide,  265. 
Oildam,  173. 
copper,  567. 
iron,  547. 
lead,  497. 
mercury,  573. 
phosphorus,  241. 
potassium,  427. 
sodium,  399. 
tin,  582. 
Sulphites,  183. 

Sulphur,  change  of  prismatio  into 
octahedral,  160. 
crystallization  of,  156, 157. 
dimorphous,  159. 
extraction  of,  155. 
a  kindling  material,  165. 
melting  of,  156. 
metals  bum  in,  164. 
milk  of,  163. 
occ.  of,  154. 
Mats,264. 

compared  with  o^- 
gen  salts,  265. 
soft,  162. 
solutions  of,  163. 
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SulpKuTi  uAefi  of,  106. 
Sulphuretted  hjdrDgen,  Bee  Solpbf- 

aric  acid. 
Sulphuric  acid,  absorbs  uratcr,  188. 
action  on  inelab,  UK). 

OrgAlt'U'UMit- 

iiff,  190, 
•nhjdrous,  V^2. 

decompo- 
sition 
of.  196. 

prop,    of 

UbMi^im. 

Iit^sing^  by,  189* 
ftinnng,  U»l- 
liow  to  diiitil.  187* 
how  to  mix  with  wa- 
ter, 18.S. 
hTdralru  of,  189. 
iuiportiincje  of,  1^. 
tnnnul'iioture  of,  184- 

Sulphuroufl  acid,  antiseptic,  161. 

bUvieht-j*.  180, 

comp.  of,  176» 

liquid.  180. 

oxidation  of,  182. 

prep,  of,  176.  177, 
178. 

prop,  of,  178.  179. 

itops   combtiatioxk 
179. 
Snlphjdrat^  of  cntcium,  486# 
Sulpbj^dric  acid,  1<»5. 

aniilyBw  of.  168. 

com  p.  of»  1(1®. 

deconi  posi  I  ion     of| 
172, 

inflitmrnablo,  170. 

w  mineral  waten^ 
IfiU. 

poieonoue,  IG9, 

piiep,  of,  160. 

projK  of.  107. 

pure.  IU8. 

a»  a  reagent^  17L 

sohttion  in  watcer, 
170. 
fi^ipernatarat^'d  solution,  396. 
fiwiiimier,  Erdinniin'i,  xxxi. 
Embolic  iot-inulu:^  voIud  of,  90. 


SjrmboU.  cb^Tntnnl,  41, 
Sj&t43mi  of  t  i  a.  156L 

Tahiii  of  atomic  beftic  of  com  pounkU 

lDcnt»,  «iOO 
Volid       rl^* 
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for  cuu».,^,M.  .XI    ,. 

into     FahrenbeiK 

xixii-xli. 

for  converiiot)  of  PrtDolt  in^D 

English       nieaitttres       and 

wpighti*,  xlii* 

of  group*  of  Lhp  rietneots  5tw. 

Tnbles  of  niHricai  wetgbta  oiid  nita* 

is'jpei,  ixivii,  ixxriii. 
TrtTitnlmn,  585. 
Tar.  product  of  thd  distallaiAoa  ct 

wood,  2i»8. 
T:irinr,  423. 
Tartar*c'niftic,  273. 
Tftrrrafc  of  h-ud,  41*2. 
Tellurium,  oompouml*  of^  2Q2L 
occ.  of.  2<*1. 
prop,  of,  202. 
Terbinni.  561. 

Ter  brom  ido  of  an  t  ~  7 . 

Tercliloride  of  niM 
bis 

pi...  _,.: 

Tcdodid*^  of  imiin 
TerfiunulJvJDfl  <'u> 

Teroxlde  of  antiuie        _  

boih  an  add 
and  m  boaa. 

» 1--  2j^a 

Tersnlphide  of  am  7  -i^a 

biisi;  -  

Te8t-Klfi!*8t%  xxi%. 
Xt-^it-iiilir^,  irsviit, 

Tl.-^^         ^17. 

1  •'■i*r».  cenli^fTtida  and 

Ijarad,  Qxix^di. 
1  ! 

Tiiunurn,  i>*»l. 
Tin,  aUoys  oA  585w 
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Tin,  crystallizatioii  of,  578. 

extraction  of,  578. 

occ.  of,  678. 

prop,  and  uses  o(  578,  579. 
Tin-salt,  683. 
Tin-stone,  578. 
Titanic  acid,  577. 
Titanium,  ooc.  of,  577. 

resembles  tin,  578. 
Ton^  xxxiT. 

Tubmg,  sizes  and  qualities  of,  L 
Tungstate  of  sodium,  587. 
Tungstates,  586. 
Tungsten,  586. 

steel,  586. 
Tungstic  acid,  586. 
Type-metal,  268. 

Tjpea — chlorbjdric  acid,  water,  and 
ammoniA,  205. 
doctrine  o^  88. 
Typical  hydrogen  compounds^  319. 

Unit  of  heat,  45. 
Unit-Tolume  not  absolute,  204. 

the  bulk  of  1  grm.  of 

hydrogen,  204. 
a  litre,  205. 
weights,  205. 
Uniralent  metals,  73. 
Uranium,  558. 

salts,  peculiarity  of,  559. 

Vahadium,  586. 

Vegetable  parchment,  255. 

Yentihition  of  wells,  324. 

Verdigris,  669. 

Vermilion,  573. 

Volume,  combination  bj,  203. 

Wabh-bottlb,  zxziL 
Water,  analyzed  by  iron,  23. 

sodium,  22, 

blue  color  of,  19. 

densest  at  4^  19. 

dissolves  air,  35. 

whatitdiiaolTes  from  air  68. 


Water,  distillation  of,  33. 
electrolysis  of,  23. 
hardness  of,  468,  480. 
method  of  determining  hard- 
ness of,  480. 
ooc.  of,  33. 

removal  of  gases  from,  35. 
the  common  solvent,  37. 
standard  of  spedfie  gravity, 
20. 
heat,  20. 
symbol  of,  82. 
ayntheos  of,  25-29. 
volumetric  oomp.  of,  29. 
Water-bath,  xxv. 
Waterglass,  380. 

uses  of,  410. 
WeoU[ewood  mortars,  xxxiv. 
Weights    and   measures,    metrical. 


Weights,  table  o^  zxxriii. 
White  iron,  638. 

lead,  600. 

vitriol,  509. 
White-wash,  474. 
Wire  gauze,  use  of,  xiiL 
Witherite,  488. 
Wolfram,  586. 
Wood,  distillation  of,  296. 
Woulfe-bottles,  85. 
Wrought  iron,  539. 

impurities  of,  540. 
maJdng  of,  539. 

TEAST-powders,  399. 
Yellow-metal,  564. 
Yttrium,  561. 

ZiNO,  alloys  with  antimony,  269. 

extraction  of,  504. 

granulated,  505. 

prop,  of,  605. 

replaces  lead,  507* 

white,  606. 
Zirconium,  561. 


ORDER^LIST  OF  CHEMICALS. 

The  qaantlties  here  given  are  the  quantidea  which  one  person  wiD 
use  in  performing  the  numbered  experiments  of  the  mantial  according 
to  the  directions*  In  ordering  chemicals  for  a  class  of  several  9tudent», 
a  small  reduction  should  be  made  upon  the  aiultiplied  quantities.  Less 
than  twenty  times  the  assigned  quantities  will  suffice  for  Iwenljr 
students.  Teachers  may  get  some  idea  of  the  cost  of  these  chemicals 
by  referring  to  the  price'ligts  of  the  *'  DruggUts*  Circular,"  publiabed 
monthly  at  86  Beekman  St»»  New  Tork,  price  13  cents. 


Alcohol 1  oz. 

Alum i     ^  oz. 

Ammonia-water  (Aqua  Am- 
tnonia)  ......        6  oz. 

Ammonium,  chloride  of     .     2  oz. 

Antimony,   chloride  ofj  a 

strong  solution  of  ,     ,     ,    -J  oz. 

Antimony,  metallic      .     .       \  ^^ 

Antimony,  tartrate  of 
and  potassium  (Tartar 
emetic)      ....     40  grains 

Arseiiiouii  acid    *     .     .     .     ^  oz. 

Asbestos  .     .     .     a  few  fragments 

Barium,  chloride  of .    •     8  grains 

Bismuth 10  grains 

Bk'aching  powd«r     .     .     .     J  lb. 

Bone-black    .     .     .     .     •       3  oss. 

Borax ^  oz. 

Bromine iV  ^'^• 

Calcium,  chloride  of     .     .  1 J  oz. 

Calcium,  sulphate ^of  (Plas- 
ter of  Paris)    ,     •     .     .       ^  lb. 

Carbon,  bisulphide  of    ,     .  ^  oz. 

Caustic  potash  (5t>lid)      .       J  oz. 

Caustic  aoda  (**  concentrated 


ly«"), 


i' 


Cblorhydric  (muriatic)  mcid  If  lbs. 
Cobalt,  nitrate  of  *  .  S  gnuni 
Cochineal  ....  1&  gfsiiif 
Copper  filings  .  ,  «  ,  to^ 
Copper^  ojcide  of «  .  .80  gimina 
Copper,  sulphate  of  •  .  ^  os, 
Duteh  metal    .     .    several  leav«s 

Ether a  few  drop 

Fluor-spar  .  .     .     f  ojt. 

Gold-leaf.  I  «*!•  <n<^ 

Graphite     ......     ^  oa. 

Gum  arable \  '^^ 

Gum  guaiacum  ...  15  grains 
Iodine     .....       tO  grains 

Iron  tilings i  m. 

Iron,  red  oxide  of .  .  .  ,  |^  on. 
Iron, sulphate  of  .  .  .  i  oi. 
Iron,  sulphide  of  .  .  *  .  1  oc 
Iron  wire  (fine  piano  wir**)    1  fbot 


i 


I^ad,  acetate  of  ...     * 

1  OI. 

I-fCad,  peroxide  of  .     ,     15 

Litharge     . 

Litmus Ui 

irrnin* 

Logwoodf  extract  of     .15 

Magnesium  wire    *     .       4 

Manganese,  black  oxide  of 

I 
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Manganese,  salpbate  of  15  grains 
Mereorj',  chloride  of  (cor- 
rosive aublimate)    .    .  8  grains 
Mercury^  metallic  .    .    ,    3^  oz. 
Mercury,  red  oxide  of   .        |  oz. 

Nitric  acid 1  oa. 

Nutj;:atU I  02. 

Oxalic  acid ^02, 

Fbo6phorus,  1  stick,  3^  incbes  long 
Piatt tmm,  scrap  «  .  10  grains 
Potassium,  I   piece  9A  large  as  a 

pea. 
Potassium t  bichromate  of      1|  oz. 
Potassium,  chlorate  of  .     •     2  oz. 
Potaastum*  iodide  of   .    .      ^  oz. 
FolaMium^  yellow  prussiate  of  ^  oz. 

Salt 2  oz. 

Saltpetre 5  02. 

Silver,  nitratia  of  .     .     ,30  grains 
Sodium,  i  pieces  of  the  size  of  a 
pea. 


Sodium,  acetate  of  .  30  grains 
Sodium,  carbonate  of  (an* 

hydrous)  .  .  J  o»» 
Sodium,  carbonate  of  (Sal 

Soda)  ...  Jib, 
Sodium,  hyposulphite  of  .  -J  oz. 
Sodium,  phosphate  of  .  1  oz. 
Sodium,  ffulpbate  of   .    •        J  lb. 

Starch |  oz. 

Strontium,  nitrate  of.  .8  grains 
Sulphur,  flowers  of  .  .  6  oz. 
Sulphur,  roll  brimstone  .  \\h. 
Sulphuric  acid  *  .  ,  .  2  lbs* 
Tartaric  acid    ...      15  grains 

Tin  foil     , 1  02. 

Tin,  granulated    ...  ^  oz. 

Tunncrlc  paper,  2  or  3  square  in. 
Turpentine,  Oil  of  ,  ,  .  |  oz. 
Zinc,  granulated  ...  3  os. 
Zinc,  solid  metal  or  scraps  f  lb. 
Zinc,  sulphate  of    .     .     15  grains. 


ORDER-LIST  OF  UTENSILS. 

The  following  list  includes  the  utensils  which  one  person  will  need 
in  performing  all  the  numbered  experiments  in  this  manual.  Thon 
principal  articles  of  steady  consumption  are  glasa  tubing,  retorts,  fla 
corks,  and  filter-paper.  Many  of  the  other  articles,  once  obtAiued,  last 
a  long  time,  I(  is  evidently  not  necessary  to  provide  all  this  apparatus 
for  every  member  of  a  large  class.  Siic  retorts,  a&  many  gallon  bot#d 
ties,  six  Woulfe-bottles,  four  soda-water  bottles,  two  meiij^uring-glasse^, 
two  mortars,  two  pipettes,  four  wire-gauze  lamps,  one  blast-lamp  and 
bellows,  one  blowpipe  jet,  three  or  four  pieces  of  platinum  foil,  two 
thermometers,  one  burette,  one  pair  of  scales,  and  one  set  of  weights, 
will  suffice,  if  used  with  method,  for  a  class  of  twenty  or  thirty.  The 
wholesale  druggists  keep  suitable  cheap  bottles  and  jiorcelain  ware. 
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Many  of  the  articles  maj  be  made  by  a  tinman  or  ga3>fitt€r*  For  l 
rest,  teachers  may  consult  the  priced  catalogues  of  the  dealers  iu  ph 
sophical  apparatus  and  chemical  ware. 


Glass  tubing  (App.  Fig.  1)  — 
S  sticks  about  3  feet  long  of  ^o.  1 

g      u  a  a  i^  fc*      2 

2      M  M  ^i  t<>  *»      3 

1      u  ti  «i  *'  **     4 

1  *»  *i  **  5 

2  »»         n         "  "         "     7 

X     u         ^i         M  (1         ««     8 

1  tub«  about  1  foot  long  and  1( 

inches  in  inside  diameter. 
1  tube  about  1  foot  bog  and  1  mcb 

in  inside  diameter. 
1  tube  about  3  feet  long  and  t  inch 

in  inside  diameter* 

[If  ignition -tubes  can  be  bought 
ready-made,    a    dozen    may    be 
bought  instead  of  1  stick  of  No.  1 
and  1  atick  of  No.  2.] 
Eeiorta  — 

1   of   12  oz.    capacity  without 
tubulature* 

1  of  6  oz,  capacity,  with  glass 
stopper. 
1  receiver  of  12  oz.  capacity,  with 

tubulature. 
Fhials  and  bottles  — 

1  glaas-stoppercd,  4  oz. 

S  narrow-nioutljcd,  gallon. 

1  wide-mouthed,  |  gallon. 

1     "  **  quarL 

1     "  "  pint 

1  narrow-mouthed,  pinU 
4  wide-mouthed,  8  ojs. 
3     **  "  4  oz. 

2  **  **  2oz. 


[All  these  bottles  shoulci  be  ofm  ^ 
very  common  quality.     Tlie  gla 
should  be  tolerably  white.] 
Funnels  — 

1  three  inches  in  diameter. 
1  two  inches  In  diameter. 
3  Woulfe-bottles  of    &bout  8  o«. 

capacity. 
Glass  flasks  — 

1  ilat-bottomed  of  Ij    pint  oai* 

pacity. 
1  hat-bottomed  of  4  oz.  capao- 

ity. 
1   dat-bottomed  of  2  os.  ettpt^o^^ 

ity, 
3  clieap  round-bottomed  ] 
such  as  olive  oil   used  U> 
imported  in. 
1  thiitle-tube. 

1  Mohr*s  burette. 

2  soda-water  bottlea,  srout. 

2  wine-glaases. 

3  teat-tubes, 

1  chloride  of  calcium  tnb^- 
1  graduated    mea«uring-gla«     of 

250  c.  c.  capacity. 
I  pipette. 
1  nest  of  beakers,  of  whieh  the 

largest  is  of  about  500  c.  c.  c»> 

pacity. 
3  bits  of  window-glass,  B   incb«« 

s«]uare. 
Porcelain  dishes  — 

I  about  2J  inche*  in  diameter. 

1  about  S  j  inches  in  diameter. 
1  small  iron  mortar* 
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1  Wedgewood    mortar    about   4 

inches  in  diameter. 
1  Bansen  gas-lamp  (or  spirit-lamp 

where  gas  is  not  to  be  had). 
1  iron  ring-stand. 
1  piece  of  iron  wire-gauze  about 

4  inches  square. 

1  piece  of  fine  copper  gauze  about 
2^  inches  square. 

2  wire-gauze  lamps  (App.,  Fig. 
VIIL). 

1  piece  of  thin  iron  gas-pipe  about 
15  inches  long  and  i  inch  in  di- 
ameter. 

1  iron  sand-bath  4^  inches  in  di- 
ameter. 

1  sheet-iron  trough  8  inches  long 
and  1^  wide. 

1  glass-blower's  lamp  or  Bunsen's 
gas  blast-lamp. 

1  small  double-acting  bellows. 

1  mouth-blowpipe. 

1  triangular  file. 

1  round  file. 

1  pair  of  jewellers'  tweezers. 

1  jet  for  ozyhydrogen  blowpipe, 
p.  46. 

1  piece  of  platinum-foil  1^  inches 
square. 

1  piece  of  finest  platinum  wire  4 
inches  long. 


1  piece  of  platinum  wire  8  inches 
long  and  not  thicker  than  the 
wire  of  a  very  small  pin. 

1  stone-ware  milk-pan. 

1  flower-pot  saucer. 

1  Hessian  crucible  of  about  8  oz. 
capacity. 

2  common  plates,  of  which  one  a 
soup-plate. 

2  spring-clips  or  spring  clothes-pins. 

1  thermometer  (glass). 

1  pair  of  small  scales    (**  Tea  "- 

scales  for  grocers'  use). 
1  set  of  gramme  weights,  1  gnzL 

to  250  grms. 
Corks  —  an  assortment  of  three  or 
four    sizes,  small    for    ignition 
tubes,  medium  for  flasks,   and 
large  for  the  8  oz.  and  4  oz. 
wide-mouthed  bottles. 
Caoutchouc  tubing  — 
2  feet  of  \  inch. 
8  feet  of  -^  inch. 
2  feet  to  fit  glass  tubing  No.  8. 
1  foot  to  fit  No.  7. 
1  pair  of  wooden  nippers. 
^  quire  of  common  filter-paper. 
^  sheet  of  parchment  paper. 
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FatqaeUe*! 
Fatqudle*!  1 
Fuquelle*i 
Fatquelle*! 
FaiqaeUe*! 
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Woodbury's 

Woodbury's 

Woodbury'i 

i     Woodbun''s 

I     Woodbury's 

Englisl 


BUSH'S] 

YOluiIM 

BUSH'S 
yolum( 
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